


Design & layout: Joris Lindner 

The research described in this thesis was performed at the Andrology Outpatient Clinic & Laboratory, 

University Hospital Dijkzigt-Rotterdam, and the Institutes of Medical Informatics and Endocrinology & 

Reproduction, Faculty of Medicine and Health Sciences, Erasmus University Rotterdam, The Netherlands. 

androlo.~ie ::I~NDOCRINOlOGY 
t ~ I I E RD. ~. 

ISBN: 90-9013027-6 

:.;:} EH. Pierik, 1999 

No part of this thesis may be reproduced or transmitted in any form, by any means, or stored in any infor

mation and retrieval system, without written permission of the author and, when appropriate, of the publis

hers of the publications. 

2 



Pmefschrift 
r(:-~!- verkrijging van de graad van doctor 

<1<111 de Erasmus Universiteit Rotterdam 
np gezag van de Rector Magnificus 
I'lili. Dr. Pw'c. Akkermans, M.A. 
('II \)olgens besluit van het college voor promoties. 

I),. openbare verdediging zal plaatsvinden 01' 
\,:vlj(~'!l5dag 6 oktober 1999 om 11.45 uur 

d(}()( 

Frank Henricus Pierik 

)_;(.'llDren te Rheden 

3 



4 



Promotiecommissie 

Promotor 

Overige leden 

Co-promotores 

5 

Prof. Dr. Ir. l.H. van Bemmel 

Prof. Dr. EH. Comhaire 

prof. Dr. s.L.s. Drop 

prof. Dr. l.A. Grootegoed 

Dr. A.M. van Ginneken 

Dr. R.EA. Weber 



6 



Table of contents 

List of Abbreviations 7 

Chapter 1 General Introduction 11 

Chapter 2 Restructuring of Routinely Collected Patient Data: 25 
ORCA Applied to Andrology 
Methods of Information ill Medicine 1997; 36(3): 184-190. 

Chapter 3 The Significance of Standardised Evaluation of 43 
Male Infertility 
Submitted 

Chapter 4 Serum Inhibin B as a Marker of Spermatogenesis 61 
Journal of Clinical Endocrinology and Metabolism 1998; 

83(9): 3110-3114. 

Chapter 5 Is Routine Scrotal Ultrasonography in Infertile Men 75 
Advantageous? 
Journal of Urology; accepted for publication. 

Chapter 6 Improvement of Sperm Count and Motility After Ligation of 85 
Varicoceles Detected with Colour Doppler Ultrasonography 

International Journal of Androlagy 1998; 21 (5): 256-260. 

Chapter 7 General Discussion and Conclusions 97 

Summary 119 

Samenvatting 123 

Appendix A The Andrology Record 129 

Dankwoord 139 

Curriculum Vitae 141 

List of Publications 143 

7 



8 



list of abbreviations 

ANOVA 

ARIS 

ART 

ASCII 

AUC 

CDU 
CFTR 

CPR 

CV 

ELISA 

FSH 

GnRH 

hCG 

HIS 

hMG 

ICSI 

lUI 

IVF 

LH 

MAR 

MESA 

ORCA 

PMR 

RIA 

ROC 

SD 

SDE 

SEM 

SHBG 

SQL 

SV 

TESE 

TML 

TV 

WHO 

analysis of variance 
andrology research information system 

assisted reproduction technology 

American Standard Code for Information Interchange 

area under the curve 

colour Doppler ultrasonography 

cystic fybrosis transmembrane conductance regulator 

computer-based patient record 

clinical varicocele 
enzyme-linked immunosorbent assay 

follicle-stimulating hormone 

gonadotropin-releasing hormone 

human chorionic gonadotropin 
hospital information system 

human menopausal gonadotropin 

intracytoplasmic sperm injection 

intra-uterine insemination 
in vitro fertilisation 
futeinising hormone 
mixed antiglobulin reaction 

microsurgical epididymal sperm aspiration 

Open Record for Care 

paper-based medical record 

radioimmunoassay 
receiver operating characteristic 
standard deviation 

structured data entry 

standard error of the mean 

sex hormone binding globulin 

standard query language 

subclinical varicocele 

testicular sperm extraction 
testicular microlithiasis 
testicular volume 

World Health Organisation 

9 



10 





12 



0.8 

0.6 

OA 

Chapter 1 

Infertility 
Infertility has been defined by the World Health Organisation (WHO) as: "lack 

of conception after at least 12 months of unprotected intercourse" [1]. Whereas this 
definition concerns the inability of the couple to conceive, we use the terms male 
and female infertility for the individual partners of the infertile couple. Only a small 
proportion of these infertile patients is sterile due to, for example, azoospermia and 
anejaculation in the male, or anovulation and bilateral Fallopian tube occlusion in the 
female partner. The infertile population consists of patients with sterility, reduced fer
tility (subfertility), and fertile patients with belated pregnancy. Assuming a normal 
pregnancy rate of 20% per cycle [2], the cumulative pregnancy rate is 91% in one 
year, illustrating that onset of a pregnancy may take more than a year, even when 
both partners have an optimal reproductive health. It is important to discern that also 
for infertile couples the pregnancy rate without treatment may be considerable. 
Given a 5% pregnancy rate per cycle for infertile couples, the cumulative pregnancy 

., . 
• •... 

.•.. 

.•.. e'- •..••...•.. -. 

------

rate per year is 46% (Fig. 1). The term fecunda
bility refers to the conception rate per menstrual 
cycle, and it is therefore more correct to speak of 
a lower fecundity than of low fertility in couples 
with a prolonged time to pregnancy. .•... ~ 

02 .,' • _____ ......... 
.~ 

Estimations of the prevalence of infertility 
are difficult to make, are based on different 
approaches and criteria, and show a large varia
tion [3-5]. The reported prevalence ranges from 5 
to 35%. The pattern of infertility shows a sub
stantial geographical variation, with the highest 
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fig. I. 
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Cumulative pregnancy rate for infertile (squares) 
and fertile couples (circles), assuming a 5 and 
20% pregnancy rate per cycle, respectively. 

prevalence in African countries [6-9]. For industrialised countries, the prevalence of 
infertility in couples actively pursuing parenthood is generally estimated at 10-20% 
[4,10-17]. Although infertility is not a life-threatening condition, its social and psycho· 
logical impact on the partners, and their relationship, can be considerable. The later 
age at which couples start trying to conceive in the developed countries is resulting 
in more involuntary childlessness, due to the lower pregnancy rate with older age of 
the female partner, and the higher probability of an adverse pregnancy outcome 
(e.g., spontaneous abortion) [18]. Moreover, the number of couples seeking profes
sional help for infertility is growing, due to the awareness that assisted reproduction 
technology (ART) may provide an effective treatment [19]. With the increasing expen
ses of infertility medicine, there is pressure to strive for a more effective and econ
omic healthcare [20]. This should be supported by expanding knowledge on the cau
sation and treatment of infertility, based on sound clinical research. 
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The couple's inability to conceive may have either a male or a female cause, or 
a combination of both (Fig. 2). The coincidence of both a male and female factor in 

couples consulting a physician for 
female infertility is more frequent than 
39% expected on the basis of the pre-

unknown valence of male and female infer-
f------r<::.::::::~ 15% tility [21,22J. An explanation for 

male 

26% 
20% 

Fig. z. 
The pre\'alence of male and female causes for infertility 
(based on WHO, 1987 [9)). 

this phenomenon is that optimal 
reproductive functions in one 
partner compensate for reduced 
fertility in the other partner 
[23,24J. In this light, it is important 
to thoroughly examine both part
ners of an infertile couple [25J. 

The public interest in and awareness of infertility has increased since several 
studies seemed to provide some evidence for a decrease in semen quality over the 
past 30 to 50 years [26-31 J. There is substantial evidence that the incidence of testi
cular cancer has increased in the last decades [32,33J. Also, the incidence of testicu
lar maldescent and hypospadias appears to be increasing [34-39J. Exposure to envi
ronmental endocrine disrupters during foetal life has been postulated as a common 
cause for this increase in disorders of the male reproductive system [40,41J. The fac
tual aetiology of male infertility is, however, largely unknown. The growing number 
of identified genetic abnormalities associated with male infertility may provide a clue 
to the aetiology of male infertility [42J. 

Andrology 
The discipline of andrology concentrates on male reproductive health and dys

function, encompassing the topics male infertility, sexology, erectile dysfunction, 
senescence, and contraception. Andrology is a relatively young discipline in the medi
cal sciences, and is formed by the multidisciplinary co-operation and overlap of pri
marily endocrinology, dermatology, gynaecology, and urology. One of the objectives 
outlined by the European Academy of Andrology is: "to raise the scientific standards 
of andrology by basic research, to develop better standards, and to develop dia
gnostic procedures and therapies based on scientific rather than empirical stan
dards" [43J. The investigations reported in the current thesis are an effort to contri
bute to these goals_ 
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Chapter 1 

Evidence-based andrology 
"Evidence-based medicine is the conscientious, explicit and judicious use of 

current best available evidence in making decisions about the care of individual 
patients", and "the practice of evidence-based medicine means integrating indivi
dual clinical expertise with the best available external clinical evidence from syste
matic research" [44). Although the number of randomised controlled trials in the 
field of andrology has grown substantially in the last two decades [45], this discipli
ne is still young, and a backlog in research is being worked through. A systematic 
review of research data in andrology by O'Donovan et 01. revealed that the "best 
available evidence" was of poor quality [45). 

The Cochrane Collaboration is an international organisation that aims to help 
people make well informed decisions about healthcare by preparing, maintaining 
and ensuring the accessibility of systematic reviews of the effects of healthcare inter
ventions, in conformance with the principles of evidence-based medicine [46,47). So 
far, four reviews on the treatment of male infertility have been published by this orga
nisation. All four studies concerned men with idiopathic infertility, defined as inferti
lity for which the primary cause is unidentified. These men were treated with either 
anti-oestrogens, bromocriptine, androgens, or kinin enhancing drugs, versus a place
bo or 'no treatment' group [48-51). The authors concluded that "The number and 
quality of randomised studies in male infertility are insufficient to allow firm conclu
sions in most cases". The study popUlations were very heterogeneous, composed of 
subgroups with different unidentified causes, with only oligozoospermia as common 
symptom. Moreover, it has to be realised that the Cochrane reviewers 
(Vandekerckhove et 01.) did not assess the methodology of semen analysis. Studies 
on external quality control have shown wide variations in sperm concentration, moti
lity, and morphology in the same semen sample [52-54J. It is obvious that these vari
ations will affect descriptive diagnoses, such as oligozoospermia. 

Standardisation 
The clinical examination of the infertile male is not uniform. Diagnoses may 

arise from different diagnostic criteria; moreover, different diagnostic procedures are 
used which are also subject to varying precision and interpretation. Patient manage
ment and data collection may differ from patient to patient, physician to physician, 
and from centre to centre. The World Health Organisation's 'Special Programme on 
Research, Development and Research Training in Human Reproduction' has recogni
sed this flaw, and a special 'Task Force on the Diagnosis and Treatment of Infertility' 
was established in 1978. This task force defined a standard protocol for the investi
gation of the infertile couple, which was tested on a popUlation of 9,000 couples in 
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25 countries. The standard evaluation results in a set of well-defined diagnoses. The 
'WHO Manual for the Standardized Evaluation and Diagnosis of the Infertile Couple' 
provides a reference standard for infertility medicine [1]. Simultaneously, the 'WHO 
Laboratory Manual for the Examination of Human Semen and Sperm-Cervical Mucus 
Interaction' was compiled [55]. Together, these manuals should provide an essential 
and effective set of standard protocols leading to appropriate diagnoses and optimal 
therapy. Adoption of these standards in infertility centres would lead to clearly def
ined study populations that can be pooled and compared. The use of the WHO 
manual for semen analysis is widespread, as is reflected in the frequent references 
to the manual in the 'Materials and Methods' sections of publications concerning 
sperm quality. Use of the WHO manual for a standardised evaluation of infertility is, 
however, not common practice. In the belief that standardisation would result in a 
valuable source of data for clinical research, and ultimately improved andrological 
care, we have adopted these standards. 

Andrological treatments 
The WHO diagnostic classification of male infertility is aimed at identifying the 

underlying causes, and at reaching a diagnosis that enables optimal treatment plan
ning. Classification of male infertility on the basis of sperm parameters only, does not 
reveal the underlying aetiology. Evaluation of a treatment on a heterogeneous group 
of infertile men characterised by 'abnormal semen' is less likely to find an effect than 
on a selected population with a well-defined diagnosis as a basis for treatment. 
Unfortunately, even with a thorough diagnostic work-up, the cause of infertility can
not be detected in a considerable number of infertile men. In the WHO study on 
9,000 patients, idiopathic semen abnormalities accounted for 50% of the cases of 
infertility [21]. This high figure underlines the need for further research on the patho
genesis of male infertility, and the development of appropriate diagnostic procedu
res and treatments. 

For those patients with an identifiable cause for their infertility, various treat
ments are used. A major deficit of the present repertoire of treatments is that most 
of them have not been subjected to a thorough evaluation. Evaluation of treatments 
of male infertility is difficult. The ultimate outcome measure is pregnancy, which 
means that also female factors (ovulation disorders, tubal occlusion) as well as the 
interaction between partners (coitus frequency, timing of intercourse around ovula
tion, duration of abstinence) can be considered as serious confounders, Moreover, 
pregnancy rates are low in case of male infertility. This implies that large groups of 
patients have to be studied to evaluate treatments. For example, to confirm an incre
ased cumulative pregnancy rate from 10 to 15% within one year in a randomised 
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Chapter 1 

controlled trial, 200 pregnancies in 1,600 couples would be required [56]. These 
numbers of patients are difficult to recruit in a single centre, and standardised multi
centre research may provide a solution. Therefore, a standardised patient assessment 
and structured reporting is especially important in andrology, 

Biochemical and morphological evaluation of semen quality is another outco
me measure, which is not obscured by female factors. However, semen analysis must 
be assessed meticulously, complying with strict conditions, since many biases and 
confounders are involved [57]. 

The computer-based patient record 
The common paper-based medical record (PMR) may suffice for care of the 

individual patient, by a single physician. Medical care, however, is becoming more 
complex, involving several specialised care providers. This complexity, together with 
a growing need for healthcare data, may benefit from the immense evolution of 
information and computer technology. The promises of computer technology for 
reporting of patient data, medical audit and administrative use have been recognised 
decades ago, and led to the introduction of medical information systems. 

Strengths of the PMR are portability, easy browsing, and a common structure 
among medical disciplines, with which physicians are familiar since the time of their 
professional training. A challenge for computer-based patient record (CPR) develo
pers is therefore to combine the strengths of the PMR with the potential of compu
ter support. Obvious advantages of the CPR over the PMR are legibility and availabi
lity to more than one healthcare worker at different locations through networked 
computers. Further potential advantages are the ability to arrange or sort data in dif
ferent configurations without having to duplicate the data, the ability to search data 
on a particular patient or group of patients, and the ability to analyse the data. 
Advanced systems provide automatic reminders, decision support, critiquing, prog
nostic models, sharing of records, telemedicine, multimedia (e.g., video sequences, 
radiological images), etc. [58]. 

A primary concern when dealing with medical data is that the data must be 
unambiguous and accurate. Data may easily be misinterpreted when they are used 
outside the context of individual patient care, in which they were recorded. 
Limitations of the data (e.g., implicit relationships, ambiguity, and inaccuracy) have to 
be fully understood before the data are used for clinical research. These pitfalls may 
be avoided by appropriate structuring of data. For data to be useful for research, data 
should not be recorded as 'free text', but rather in a formalised manner, referred to 
as structured data entry (SDE). SDE has proven to collect more complete and less 
ambiguous data compared with the paper equivalent [59]. ORCA (Open Record for 

17 



Care), developed by Van Ginneken ef 01. [60], is an advanced CPR model, using SDE 
based on knowledge about the domain. 

Andrology in Rotterdam 

The Andrology outpatient clinic of the University Hospital Dijkzigt-Rotterdam 
was established in 1989, and has from the beginning used a standard protocol for 
the evaluation of the infertile male. This protocol already contained all items requi
red according to the WHO manual, which was first published in 1993. Appendix A 
shows the items collected in our clinic and laboratory. It includes a thorough exa
mination of semen, according to WHO guidelines. Most data are stored in dedica
ted components of the Hospital Information System (semen analysis, examination 
of the genitalia), part is stored in generic components (serum hormones, radiolo
gy), and a few items are recorded in the PMR only. The dedicated components use 
standard forms for SDE, which comprise a guideline and a checklist for the exami
nation of the infertile male. This approach stimulates completing the data, and a 
uniform approach among physicians, but is not flexible (adapting the data set requi
res changes to the underlying database and data-entry forms, and recording of inci
dental findings is not supported). A common approach is feasible for the highly spe
cialised field of andrology. At the start of the study described in this thesis, the struc
ture of the separate systems was not suitable for integration and statistical analysis 
of the data. 

Aim of this thesis 

Since the evaluation of diagnostic procedures and treatments in andrology 
requires large numbers of patients, standardisation is of particular importance. The 
aim of this thesis is to study the value of a thorough and standardised evaluation of 
male infertility, and to evaluate andrological diagnostics and treatments. This investi
gation is based on a large collection of patient data that was obtained in a standar
dised fashion, and collected in a structured manner during routine patient care 
during the last decade (1989 - 1999). 

The principal research objectives are: 

to investigate the feasibility of an information system for flexible access to 
integrated and structured andrological patient data 
to survey andrological care by: 
- assessing the prevalence of abnormalities and diagnoses 
- charting of treatment options for this population 
- evaluation of diagnostic procedures and treatments 
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Chapter 1 

to assess the value of a standardised approach for both clinical research 
and patient care. 

Outline of this thesis 
This general introduction is followed by chapters that address the research 

objectives. Chapter 2 reports on the development of a research information system 
for andrology. The problems with existing andrological data sources are discussed, 
and the feasibility of transparently integrating existing data and prospective data col
lection in ORCA is studied. This latter research information system has been emplo
yed for the subsequent research questions. In Chapter 3, the significance of standar
dised evaluation of male infertility is addressed and the general characteristics of the 
andrological population are assessed. The prevalence of abnormalities and diagno
ses according to the standard WHO evaluation are studied, treatment options are 
determined, and the value of additional diagnostic procedures is addressed. The fol
lowing three chapters discuss in more detail two specific diagnostic modalities and 
a therapeutic procedure. Chapter 4 deals with the potential diagnostic value of using 
serum inhibin B measurement as a new endocrine marker of spermatogenesis. 
Chapter 5 describes the diagnostic value of routine examination of the scrotal con
tents with colour Doppler ultrasonography in male infertility. The effect of treating a 
varicocele - varicose veins in the scrotum - on sperm quality is assessed in Chapter 
6. Chapters 3 to 6 can be seen as an evaluation of the value of standardised and 
structured data collection. Chapter 7 contains the general discussion of the current 
research, and ends with the conclusions of this thesis. Finally, an overall summary is 
presented. 
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Chapter 2 

Abstract 
Hospital information systems do not always cover all required detail per speci

alty. This may lead to scattering of data over disparate systems and the paper record. 
The ORCA (Open Record for Care) CPR offers a generic structure for record sharing, 
and record keeping tailored to specific needs. We studied whether a semantic inte
gration of existing and new data was possible, using the ORCA structure. Existing 
andrology data, originating from separate sources, were utilised for this purpose. 
During normalisation, validation and explication steps, latent problems in the source 
data were exposed and removed, followed by a merge with new data items. By con
version of source data to ORCA, a unique representation of medical concepts in the 
database was attained, facilitating retrieval of univocal data for multiple purposes. We 
conclude that the expansion to the andrology domain, including transparent integra
tion of existing data, provides support for the generality of ORCA. 

27 



1. Introduction 

The motivation to apply electronic datil storage in medicine is based on the 
obvious drawbacks of the paper-based medical record (PMR), including illegible 
handwriting, poor organisation of documents, missing data and ambiguous data. 
Furthermore, the PMR is available at only one location at any time [1,2]. 

With the introduction of hospital information systems, the legibility and hospi
tal-wide accessibility of data have been improved. These systems were initially devel
oped for storage of more general patient data (e.g., administration data, clinical che
mistry and medication), and are not always tililored to the specific needs of medical 
specialists. This has resulted in the complementary use of dedicated systems. As a 
result of these developments, data can be scattered over several sources and 
systems, which may lead to redundancy and inconsistencies. 

These problems will be outlined in general, and in more detail for the 
Andrology outpatient clinic of the University Hospital Dijkzigt-Rotterdam. Andrology 
is the branch of medicine that deals with male reproductive health and dysfunction. 
Patient care and clinical research on diagnostics, prognostics, and treatment of male 
infertility, require accurate storage of patient data and flexible access to reliable data. 
During recent years, this department has been storing most patient data in generic 
systems of the hospital information system (HIS), in dedicated HIS components, and 
in local PC databases. Some disadvantages, experienced by the andrologists, were 
that these data could not be retrieved through one user interface, and that data struc
tures do not lend themselves to exploitation for research purposes. Integration of the 
multi-source data is one prerequisite to cope with these problems, but it is not the 
solution in all respects, as will be clarified in this paper. 

CUrrent developments in computer-based patient records (CPRs) focus on 
advanced features, including strategies for data entry and retrieval, multiple views [3-
10], and transparent integration of diverse information sources on different platforms 
[11-13]. In essence, the conceptual model underlying the CPR database determines 
the functionality of the resulting applications for data entry, consultation, and retrie
val [14,15]. At our department, Van Ginneken et 01. have developed a powerful CPR 
with a graphical user interface [16,17], which has recently been named ORCA (Open 
Record for CAre). It provides a general core model for sharing of records by physici
ans, and it allows tailoring of data entry to the specific needs per specialty. ORCA was 
initially designed to offer a well-structured CPR for prospective use, with the objecti
ve to improve completeness and reduce ambiguity. The introduction of a new CPR 
is, however, complicated by the fact that existing data in predecessor systems are not 
easily incorporated. The real challenge is not to offer a view on existing data tables, 
but to achieve a uniform and fully semantic integration of existing and new data sets. 
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Chapter 2. 

We describe the problems with routinely collected data in the initial situation in 
andrology, followed by an explanation of the foundations and structure of the ORCA 
model. We will outline the steps that have to be taken to explicate the meaning of 
multiple-source data to an intelligible level. This data set, suitable for univocal inter
pretation, was expanded with attributes to be gathered prospectively. The resulting 
semantic merge was modelled according to the ORCA model. The discussion will 
focus on the strengths and weaknesses of ORCA for the restructuring of routinely col
lected data. 

1.1 Source Data and Problems 

Most of the data pertaining to andrology patients is contained in generic com
ponents of the HIS, in andrology specific HIS tables and in dedicated PC databases. 
Data obtained by physicians is entered on-line, results of andrology laboratory tests 
(e.g., semen analyses) are entered by laboratory personnel. The source data was 
retrieved from the (sub)systems as individual extraction files in plain ASCII format. 
The data sources we could retrieve were (1) history, previous history and physical 
examination, (2) semen analyses, (3) data on intra-uterine inseminations, (4) thera
pies, diagnoses and follow-up, (5) clinical chemistry results, (6) radiology diagnoses, 
and (7) surgery reports. 

Data analysis in the initial situation was complicated by the scattering of data 
over several sources, and partly inconsistent and rigid database structures. We also 
encountered errors in code lists and validity constraints, Most imperfections were not 
recognised during data entry, and became apparent when data were used for rese
arch. 

The problems described below, are the main ones encountered in the present 
case. They may also represent general disadvantages when dealing with multi-sour
ce data. Some will be illustrated with examples from our experience: 

Problems related to incomplete normalisation 
a.lntegrity problems: 

Entity integrity: no unique identifier for records, e.g., 
more than one ID per patient, or unknown ID. 
Referential integrity; e.g., changes in the values of key attributes are not 
inherited by related tables. 
Redundancy: duplicate records and fields. Identical medical concepts can 
exist more than once, in several sources or within one source, 
Lack of cross-referencing causes inconsistency, 
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b. Ambiguity: the indistinct relation between database items and medical 
concepts. Fie[ds can contain a combination of medical concepts. A correct 
interpretation of these attributes is impossible without explicit knowledge of 
such constructions. For instance, the 'Mumps' field in the past history section 
holds both whether or not the patient has suffered mumps, and the age at 
which a patient has had mumps. Codes 1 to 97 represent the age when 
mumps occurred, 0 ~ 'no mumps', 98 ~ 'unknown age' and 99 ~ 'mumps 
unknown', Such constructions can lead to misinterpretation of data, 
and make queries more complex than necessary. 

c. Imp[icit relationships: the meaning of attribute codes or values can be 
different, dependent on other attributes. Proper interpretation of such a value 
or code requires retrieval of the medical context from the contents of other 
data fields. 

d.Repeating attributes: The storage of more than one medication was 
supported by a repeating set of attributes within one record, restricting the 
maximum number of medications to the number of repetitions. 

2 Problems related to the scattering of sources: 

a.lntegration problems: data analysis and decision support are complicated 
when data reside in more than one source. 

b. Versions: different versions of a system are in use. For example, 
for look-up of semen analysis results, two tables have to be consulted. 

c. Formats; e.g., the date in the order dd-mm-yy and mm-dd-yy in 
different systems. 

3 Other imperfections: 

a.lncorrectness: e.g., no validity checks, several codes for one condition, 
improper default values. 

b.lncomp[ete representation of time: data items are not always explicitly marked 
with time-stamps. For example history, medication and diagnosis are stored in 
one source file. Although these sets of data may have been gathered and 
entered at different dates, they are a[[ stored in one record with one date. 

c. Correction by substitution: Correction of false findings or changing a fie[d
value in these systems is achieved by replacing the old value with a new. 
In this manner, correction of erroneous data, or an adjustment of insights, 
means a loss of existing data. 

These problems may lead to misinterpretation of data, especially when data are used 
outside the context of data entry as in clinica[ research. 
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1.2 Goals 

We predetermined the following goals: 
To realise a new situation with flexible access to existing patient data for clini

cal research and patient care. This goal was to be reached by integration and valida
tion of patient data from disparate sources in one structure that explicates medical 
semantics as far as possible. 

To study whether data structures, both the existing and those to be used pros
pectively, can be represented in the ORCA structure, to achieve a fully integrated CPR. 

2. Materials and Methods 

2.1 The ORCA-CPR Model 

The Department of Medical Informatics, Erasmus University Rotterdam, has 
developed the well-structured ORCA CPR [16-18]. ORCA has been specifically desig
ned for use in specialised care, which encompasses many different medical domains. 
The main aims of ORCA were (1) to have a record that would encourage the recor
ding of well-structured and more complete data, suitable for decision support and 
data analysis, (2) to offer flexible access to the record contents via a variety of views, 
and (3) to allow sharing of records among co-treating physicians. The latter presents 
a challenge since the variability among specialists requires that the CPR can be tai
lored to specific needs, whereas sharing of records demands a general structure. 

The ORCA model supports the creation of specialised subrecords that differ in 
content, but share the same data structure. It is this common data structure that gives 
ORCA its transparency, i.e., a uniform interface for the collection and consultation of 
data, irrespective of the medical domain. The core of this data structure is shown in 
Fig. 1. It is based on the idea that the record is a report over time of medical events, 
pertaining to a given patient. A 'Patient Event' is a set of data that can be considered 
to have been discovered at one moment, to be valid from one moment, and to have 
originated from one source. Examples of such events are: the patient visit, a labora
tory report, an X-ray report, etc. The 'CPR Event' is only created as an entity to accom
modate the situation where datal pertaining to one patient eventl are entered in dif
ferent sessions. A patient event may consist of one or more components, called 
IActions'. Examples of actions are: history, physical examination, a drug prescription, 
and a laboratory test result. Expanding ORCA with new domains may involve the cre
ation of subtypes of actions with attributes, specific for the domains involved. 

For data sharing and analysis, non-redundancy is crucial. Using only relational 
tables as subtypes of actions bears the danger of creating numerous tables where 
overlapping items are represented by different attributes. Ideally, each medical con
cept has one unique representation throughout ORCA. Therefore, there are two 
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models for storing the actual data: (1) a relational model for data that are domain
independent, and (2) a controlled vocabulary for data that are domain-dependent. 
The laboratory test result, the drug prescription, and the diagnosis are typically 
domain-independent in the sense that the attributes by which they are described are 
always the same: each drug prescription is characterised by the name of the drug, 
the dosage, the route of administration, and the frequency of intake. Data pertaining 
to history and physical examination are highly domain-dependent: specialists differ 
in topic and in detail when describing their findings. Recording of such data is sup
ported by a knowledge-driven interface that creates instantiated trees of medical 
concepts as patient data. For example, each blood pressure measurement will be sto
red as an instantiation of the unique concept 'blood pressure', irrespective of the spe
cialty or domain involved. 

Tables: 

keys: 

" Event'-Jl 
Depa~ 

Patient Event 

Patientld 
PatientEventld 

non·keys EvenlDiscoveredMornenl 
EventType 
EVentDescription 

Fig 1. 

CPR Event Action 

Patienlld PatienHd 
PatientEventid PatienlEvenlid 
CPR EVen tid CPREventid 

Actionld 
EventlnputMomenl 

The ORCA (are model with actions to represent domain-independent data ~nd "Patient Data Tree" 
to represent the domain·dependent data. Events are linked I,vith department, specialtY and source 
(author), to support the departmental, specialty, and author view in the patient profile. 
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The 'patient profile' in the ORCA interface provides a view on the contents of the 
CPR. This view can be customised, but includes by default the current diagnoses, a list 
of events (most recent ones in view), current medication, and allergies and sensitivi
ties. The ORCA model supports a departmental, specialty, author, and overall view on 
the data pertaining to the selected patient. The patient profile gives direct access to 
the more detailed sections of the record. Depending on the type of actions involved, 
ORCA will present the appropriate interface for data entry or consultation. Hence, all 
data that are represented in ORCA are directly accessible in a fully integrated fashion. 

Time-stamping is an important aspect in ORCA, since it allows recording of evol
ving insight without violating the requirement of a medical record to be permanent: 
it is not legally allowed to overwrite existing data. Accurate representation of time is 
essential for reconstruction of the chronology of events [19]. Time-oriented repre
sentation of data is critical to make good use of clinical data [20], since longitudinal 
clinical databases represent a valuable resource for medical audit and decision 
making [21]. As can be seen in the core data model, the events have attributes for 
the recording of transaction time (EventlnputMoment) and valid time 
(EventDiscoveredMoment). Where applicable, an additional time-stamp is included 
at the action level: for example the SampleMoment in laboratory test results. In other 
words, ORCA is based on a temporal data model, enabling both recording of 'valid 
time' and 'transaction time' [22,23]. 
The specialised andrology subrecord has been named ARIS (Andrology Research 
Information System). We will use the name ORCA-ARIS where ORCA tailored to the 
andrology domain is meant. 

2.2 Database Design 

For the design of the Andrology database, an information analysis was perfor
med. The information needs were deduced from the existing computerised data col
lections and the requirements that were inventoried from the andrology staff. To elu
cidate the value, meaning and validity of attributes, the knowledge of domain experts 
was essential. Data structures were restructured according to the conventions for 
logical data models [24,25]. The original andrology data was normalised up to the 
Boyce-Codd normal form in accord with the following rules: 

1. Repeating attributes within a record must be reduced to single attributes in one 
or more separate tables: e.g., initially, a fixed number of medications was 
included as a recurring group of identical attributes in a source file. 

2. Implicit one-to-many relationships within tables, (i.e., repeating groups), 
have to be made explicit. 
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3. Non-key attributes must be fully dependent on the primary key. For instance 
the partnerld in the initial relation HISTORY (patientld partnerlc!, etc., 
historvdate, duration_oUnfertility, coitusJrequency, etc.) was dependent on 
the key patiendld, but not on the key historydate. The partnerld will be split off 
and represented in the relation Couple (patientld partnerlc!, etc.). 

4. All relationships between tables have to be via the key attributes: e.g., 
fields that are split off will relate to the remaining group by inheritance of a 
common set of key attributes. 

5. Relations should not contain transitive dependencies. Non-key fields that 
depend on other non-key fields are segregated. 

fig 2, 

The semantic integration of source data and new data, and the subsequent represen· 
lation in the ORCA core structure. 

Not all problems 
with the original data 
were solved by nor
malisation. Some con~ 
version steps required 
semantic interpreta
tion (depicted sche
matically in Fig. 2). 
Semantically overlap
ping fields were 
removed after domain 
experts indicated the 
most accurate ones. 
Composite fields 
were split up to sepa
rate fields. Implicit 
relationships were 

explicated. For instan
ce, a semen analysis 
can be performed for 
different reasons, with 

a different method: to diagnose infertility, or during preparation for artificial insemi
nation. The interpretation of the value of an attribute, in this case sperm_concentra
tion, depends on another attribute, semen_analysis_type. Creating separate data sets 
for each medical context in which sperm_concentration is measured (i.e., 
semen_analysis_type), will make the medical semantics explicit. 
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The integration and restructuring of andrology data in a properly designed rela
tional database solves some of the problems with the initial sources. Our objective 
was not only to make a clean sweep of the existing data sources, but also to see 
whether the data could be represented in the core structure of ORCA. Since we wor
ked with existing data, events and actions had to be defined retrospectively. Patient 
events were identified using the definition stated in section 2.1: 'a set of data disco
vered at one moment, valid from one moment, and originating from one source', 
Examples of events for the andrology data are the patient visit and a radiology report. 
Two other examples of events, 'semen analysis' and 'insemination preparation', were 
derived from one extraction file, where assignment of the actual data to one of these 
events depended on the semen_analysis_type. This is represented by 'event 2' and 
'event 3' in Fig. 2, that are the result of the conversion of 'extraction 2'. Within an 
event, one or more actions (i.e., medical entities) were defined with the aid of 
domain experts on clinical daily practice. Examples are andrological previous history, 
physical examination, and drug prescription. 

2.3 Conversion and Merging 
Values of attributes that represent the ORCA core structure, shown in Fig. 1, were 
deduced from existing data where possible, and otherwise generated by the data
base. This resulted in the following operations for: 

Patientld: a unique key was generated by the database, and a mapping to the 
original HIS-Patientld was created. 
PatientEventld: this key is generated by the database for each new 
EventDiscoveredMoment. 
EventDiscoveredMoment. This time-stamp was: 
1. Directly derived from a corresponding attribute in the original data set. 
2. Partially derived from the source files. For example, only the date is stored 

in the source files, without the time of day. In this case, the time of day in 
ORCA-ARIS was chosen arbitrarily at 00.00 hours. 

3. Actions were stored without explicit time-stamp in one record. Because it 
is plausible that the point of time is equal for the separate actions, the date 
connected with the source file was used for the event. 

CPREventld: this Id was generated by the database. To accommodate 
entering of data regarding one Patient Event in different sessions, the CPR 
Event has a one-to-many relationship with the Patient Event. Since these 
sessions could not be reconstructed from already collected andrology data, 
the CPR Event and Patient Event in ORCA-ARIS have a one-to-one relationship. 
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EventinputMoment: because this time-stamp reflects data entry in 
ORCA-ARIS, we assigned the transaction time at conversion. 
Actionld: generated by the database. 
EventType: for example 'Consultation'. 
EventDescription: not applicable. 

The conversion was performed by a conversion script written in C, with embed
ded SQL In preparation for this script, all existing values for an attribute were reco
vered. The script was based on these values to ensure that all original data were con
verted to meaningful data in the ARIS database. Values in fields were checked for cor
rectness, multiple but equivalent codes were converted to a unique code, and com
posite fields were separated. Data that could not be converted to correct data in 
ORCA-ARIS were reported back to the Andrology outpatient clinic for inspection and 
correction. 

The conversion script consists of functions to read the ASCII source files and 
write them to the ARIS database: (1) reading a record and identifying the different 
attributes, (2) checking the correctness of elements, (3) conversion to new attribu
tes and values, (4) creating attributes and values for events, actions and time-stamps, 
and (5) importing the data into the ARIS database. We are currently developing the 
controlled vocabulary to enhance structured data entry in ORCA-ARIS. Data items 
pertaining to history and physical examination will then be represented in tree-struc
tures, to preserve semantic uniformity. 

2.4 The Hermes Workstation 

ORCA-ARIS is part of the Hermes client-server environment. The Hermes work
station is designed to support access to and analysis of data from different sources 
[12,13J. 

We are currently moving from the HERMES-UNIX to the Windows NT/Windows 
'95 platform with an MS-SQL server and Delphi applications. Our software is currently 
transcribed, and adjusted to the latest insights. 

3. Results 
Since the results ensue logically from the methods, an elaborate discussion of 

the results would mainly reflect the Materials and Methods Section. We confine our
selves here to reporting on the feasibility of the remodelling and conversion of and
rology data to the ORCA-based model. 
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For all data, the corresponding actions and events could be discerned. To be 
able to assign exact values to the time-stamps, presuppositions were made for some 
events, as described earlier. 
There were no structures in the original data sets that could not be converted to mea
ningful data in ORCA-ARIS. All overlapping fields were removed. Invalid codes that 
could not be brought back to the intended value were converted to 'unknown' in 
ORCA-ARIS. Since the meaning of these items was also unknown in the initial sour
ces, this is not a loss of information. Some of the 'old' data is not represented in the 
new situation because this was a choice by the Andrology staff. These were attribu
tes in the initial sources that were not used for patient care. 
The ORCA-ARIS database consists of 43 relations and 298 attributes, as opposed to 
the original nine files containing 175 items. A large part of the increase in the num
ber of attributes is caused by the generation of new key fields, events, actions and 
time-stamps. The database currently contains data on 7,000 patients. 

4. Discussion 
Several authors have stated that large clinical databases are a valuable source 

for research, although retrieval can be cumbersome. We recognise the limitations 
they describe, involving organisation and validity of data, the need for database 
experts to gain access to the data, the investment needed to retrieve the desired data 
(26,27], and the "imperfect capture of clinician thought processes" (28]. These limi
tations must be clearly understood to permit clinical research with patient data 
(29,30]. 

The initial problems with separate sources and incomplete normalisation have 
caused ambiguity, incorrectness and redundancy in the andrology data. Data that are 
stored in a certain clinical context may be correctly interpreted when consulted in the 
same context. When, however, these data are retrieved for other purposes, such as 
medical research, there is a risk of misinterpretation. Performing research with these 
sources requires intense conferring between researchers, physicians, and data mana
gers (31,32]. Knowledge on the clinical procedures and database structures is essen
tial to judge correctness, meaning and certainty of database items. The explicit mea
ning of terms (i.e., knowledge on the semantics) was not captured by the data 
model, but resided in only one or two domain experts, i.e., a medical and a database 
expert. The loss of an expert may result in the inability to perform correct data retrie
vals and valid clinical research. By capturing semantics in ORCA, this knowledge is 
explicitly represented, and will permanently reside in the database. This should result 
in less misinterpretation of data and decreased miscommunication between physici
an and data manager. 
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By making a clean sweep of the existing data sources, equivocalities that could 
have frustrated data interpretation or analysis were brought to light. Many examples 
of invalid retrieval or misinterpretation could be given here; the problems stated in 
Section 1.1 also serve as examples. We will cite one problem here: the mumps attri
bute, an example of ambiguity in the source data, illustrates the potential misinter
pretation of data. A researcher might want to know the incidence of mumps infecti
ons during puberty or adulthood (e.g., mumps at> 12 years of age), since this can 
result in testicular infection and impaired sperm quality. By selecting men with a 
value> 12 for the mumps attribute, not only the intended men are selected, but also 
those with the values 98 and 99, coding for 'patient has suffered mumps at unknown 
age' and 'unknown whether patient has had a mumps infection'. 

This research question illustrates that a simple one-to-one transfer of the attri
butes in separate sources, to attributes in one relational data model, will not expli
cate the meaning of the data. A thorough assessment of the meaning of attributes 
and attribute contents is essential to elucidate potential problems with patient data. 
Based on this assessment and the ORCA model, the new ORCA-ARIS data structure 
was built. Conversion of original data to this normalised structure was achieved by a 
semantic merge. Implicit relationships were explicated, so that a one-to-one rela
tionship between medical concepts and their representation in the database was 
attained. 

A lesson we learned from this study is that existing, retrospectively gathered 
data can be integrated in the ORCA model, for which conversion to actions and 
events is essential. For the andrology data, actions and events could be discerned 
with the help of a medical specialist in this domain. The EventDiscoveredMoment 
time-stamp could be deduced from the data, although not always to the exact time 
of day. In those cases we assigned 00.00 hours as the time of day. This may result in 
an incorrect representation of the chronology of events within one day, which is iden
tical to the initial situation. Since in daily practice the exact time-stamps were obvi
ously not needed, we do not expect this to be a significant problem. A strength of 
using ORCA for restructuring of data is that it does not produce a revised stand-alone 
record: a general structure is utilised for sharing data among co-treating physicians, 
whereas also the necessary amount of detail per specialty can be supported. 

The transparent integration has resulted in a uniform view on both existing data 
and data to be gathered prospectively. For logistical reasons, the data entry facility of 
ORCA is not yet in use in a routine setting. To fully exploit the ORCA potential, data 
entry should also be through the ORCA-ARIS interface, since this will stimulate and 
effectuate structured, complete, and accurate data collection. 
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5. Conclusions 

A uniform and fully semantic integration of existing and new andrology data 
was achieved with the ORCA core model. Latent imperfections in the source data 
such as validity problems, ambiguity and inconsistencies were exposed and removed. 
The quality of data in ORCA-ARIS has been improved by this approach. The one-to
one relationship between medical meaning and database representation reduces 
misinterpretation of data and miscommunication between physician and data 
manager in a research setting. 

An important conclusion from this exercise is that the ORCA model, as of yet 
applied for prospective CPRs for internal medicine and a cardiology outpatient clinic, 
was sufficiently general and powerful for expansion to the domain of andrology, 
including a uniform and semantic integration of existing data. These experiences pro
vide support for the generality of the ORCA model, which is intended to be suitable 
for other medical domains as well. 
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Chapter 3 

Abstract 
To achieve improvement in healthcare, standardisation of data collection and eva

luation of diagnostic methods and treatment is necessary. The aim of the present 
study was to investigate the value of routine collection of a uniform dataset for stan
dardisation and clinical research in an andrology clinic. Data were collected in a struc
tured computer-based patient record, promoting complete and comprehensive data, 
and stimulating a uniform patient approach among physicians. 

Data on the standardised examination of 1,549 infertile men were evaluated. 
Population characteristics and basal associations are reported. A cause for infertility 
was identified in 52% of the men on the basis of the standard evaluation defined by 
the WHO. This proportion was increased to 66% by additional scrotal colour Doppler 
ultrasonography, and identification of men with subnormal serum gonadotrophins 
with normal testosterone levels. For more than 30% of the patients, an effective and
rological treatment was available. The thorough diagnostic evaluation identifies sub
groups that require further study on aetiology, diagnosis, and treatment. 

Structured collection of patient data stimulated a uniform patient approach 
among physicians, enabling appropriate inventorisation of patient characteristics. 
This approach also greatly facilitated the evaluation of diagnostic and therapeutic 
modalities. An accurate diagnostic evaluation is mandatory for appropriate therapy 
and further research in andrology. 
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Introduction 

Quality of andrological care may be improved by systematic use of standardised 
diagnostic methods and treatments. This approach allows to collect reliable and 
complete data for andrological research. Although, ideally, research is performed in 
a prospective design, routinely collected patient data are a potential source for clini
cal research. This demands, however, an infrastructure that promotes collection of 
structured data. 

Computers are valuable tools for recording, organising and analysing medical 
data. An increasing number of centres use systems for electronic data collection. 
However, a frequent drawback of current systems is a limited scope, resulting in scat
tering of data over disparate systems, redundancy, and ambiguity. Data on a single 
patient may be readily retrieved from these sources, but the structure of the data is 
often unsuitable for research on groups of patients. As a result, data retrieval is labo
rious and prone to error. 

A computer-based patient record (CPR) has been developed (named ORCA; 
Open Record for Care) [1), which provides a general model for all patient data from 
different specialties and departments. ORCA was used to integrate existing androlo
gy data into one transparent univocal structure [2]. 

The aim of this study was to evaluate the value of systematic use of a well-struc
tured CPR for andrological research. 

Materials and Methods 
Data sources 

Andrology-specific patient data collected during history taking, physical examina
tion and semen analyses were retrieved as extractions from dedicated computer 
systems. From 1990 to 1995, semen analyses on 3,000 patients were gathered, as 
well as histories, physical examinations and serum hormone values on 1,BOO 

patients. Other data were retrieved from general hospital information systems: clini
cal chemistry (e.g., FSH, LH, testosterone), radiology (scrotal colour Doppler ultraso
nography, venography of the testicular veins), pathology (Johnsen score in testicular 
biopsies), and surgery (e.g. varicocele ligation, testicular biopsy, vaso-vasostomy). 

The contents of the separate andrology data sources were integrated according 
to the ORCA structure. During the data conversion process, redundant and invalid 
data were removed, and ambiguity was solved by creating 1: 1 relations between 
medical concepts and database items [2]. Data on patient groups were retrieved 
from the ORCA database using the standard query language (SQL). 
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Clinical data 
A complete clinical work-up was available for 1,549 patients. Andrological patient 

work-up was performed according to the WHO standardised approach [3J. 
Semen analyses were performed on at least two semen samples according to the 

WHO Laboratory Manual for the Examination of Human Semen and Semen-Cervical 
Mucus Interaction [4J. Since it is unknown which of the two analyses best characte
rises the individual's semen, we calculated the mean values of two analyses. 

Hormone assays: Serum FSH and LH were determined using Amerlite FSH and LH 
assays (Orange Clinical Diagnostics, Amersham, UK); normal ranges are 2-5 and 1.5-
8 lUll, respectively. Total serum testosterone was measured by radioimmunoassay, 
as described earlier [5J; normal range 10-30 nmol/I. These normal ranges are based 
on a group of healthy male blood donors [personal communicationJ. Sex hormone
binding globulin (SHBG) was determined using the immunofluorometric assay pro
vided by Diagnostic Products Corporation (Los Angeles, CA, USA). 

Scrotal ultrasonography was performed with a high-frequency duplex echotrans
ducer (~ 7.5 MHz) equipped with colour flow imaging. The criterion for varicocele 
was a vein diameter in the pampiniform plexus ~ 3 mm [6J. Retrograde blood flow 
in these vessels was used as a supporting sign [7J. 

Varicocele treatment consisted of high ligation of testicular veins using the 
Palomo approach [8J. 

Diagnostic classification 
The WHO has defined a standardised approach for the investigation of infertility, 

which includes extended guidelines and decision rules on the diagnostic classifica
tion of patients [3J. This diagnostic classification was applied to our andrology popu
lation. Two items of the formalised WHO checklist were not collected in a coded 
form, but as free text. Namely, 'systemic causes' (i.e., systemic diseases, high fever, 
drug or alcohol abuse, environmental or occupational factors) and 'history of medi
cation with possible adverse effect on fertility' were not available in a structured for
mat. 

Statistical analysis 
Correlations were studied with Spearman's correlation procedure. Differences 

between patient groups were tested with one-way ANOVA, and with Fisher's least
significant difference method for pairvvise comparisons. Skewly distributed variables 
were transformed logarithmically. Two-sided P-values less than 0.05 were considered 
significant. Statistical analysis was performed with SPSS 7.5 for Windows software. 
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Results 

Descriptive data 

General characteristics of the 1,549 andrology patients are given in Table L 

Sperm parameters were subnormal in 98% of the patients. Due to azoospermia in 
12% of the patients, the 10th percentile is zero for sperm parameters. Blood hor
mone levels were within the normal range in 81, 44, and 88% for FSH, LH, and 
testosterone, respectively. Male infertility was primary in 81% of the cases, and 19% 
of the men had achieved a pregnancy before. Infertile men were referred to the and
rology outpatient clinic by gynaecologists (49%), general practitioners (32%), urolo
gists (15%) and various other specialties (4%). 

Table 1 General characteristics of the study population. 

Variable Median 10th Percentife 90th Percentile 

Age (years) 32.4 26.2 41.5 

Duration of infertility (years) 2.5 1.3 6.4 

Total testicular volume (ml) 30.0 19.0 40.0 

Ejaculate volume (ml) 3.5 1.6 6.0 

Sperm concentration (lOcjml) 6.5 0.0 45.0 

Progressive motility (%) 14.0 0.0 45.0 

Sperm (ount (lOs/ejaculate) 22.5 0.0 162.5 

FSH (IU/I) 4.0 1.4 11.7 

lH (IU/I) 2.6 1.2 5.6 

Testosterone (nmol/I) 17.6 10.9 27.1 

WHO diagnoses 

A single diagnosis was assigned per patient following the WHO diagnostic classi
fication. The distribution of diagnoses is shown in Table 2. The group of patients with 
the diagnosis Causal factor (35.6%) may had more than one causal factor (e.g., both 
a varicocele and a history of accessory gland infection). In 14 azoospermic men with 
both normal testicular volume and serum FSH level, no testicular biopsy was asses
sed. Although possibly having obstructive azoospermia, this latter group was catego
rised as having idiopathic azoospermia, since a normal testis biopsy score is a requi
rement for classification as obstructive azoospermia [3). Besides the WHO diagnoses, 
we defined the additional diagnosis 'subnormal FSH and LH levels, with normal 
testosterone level' (prevalence 4.9%), which was not primarily considered as hypo
gonadotropic hypogonadism. Table 3 summarises the therapy options for these dia
gnoses. 

48 



Chapter 3 

Table 2 Distribution of diagnoses among 1,549 infertile men, according to the WHO classification. 

No demonstrable cause 

Sexual/ejaculatory dysfunction 

Immunological cause 

Seminal plasma abnormalities 

Causal factora 

clinical varicocele 

inguinal hernia 

vasectomy 

history of cryptorchidism 

CBAVD 

acquired testicular factor 

accessory gland infection 

hypogonadotropic hypogonadism 

low FSH and Ln normal testosteroneb 

Idiopathic oligozoospermia 

Idiopathic asthenozoospermia 

Idiopathic teratazoospermia 

Obstructive azoospermia 

Idiopathic azoospermia 

Number of patients 

7 

72 

170 

3 

602 

220 

91 

44 

139 

6 

63 

82 

53 

76 

427 

166 

20 

17 

65 

Q' causal factor in the presence of abnormal semen quality 

b: this diagnosis is not a standard WHO diagnosis 

Table 3. Frequency of diagnoses with a therapy option other than IVF or ICSI. 

Diagnosis Frequency (%) Therapy 

Hypogonadotropic hypogonadism 3.4 GnRH, gonadotrophins 

Obstructive azoospermia 1.1 Surgical correction 

Immunological infertility 1 J.O Sperm washing 

% of total 

0.5 

4.6 

11.0 

0.2 

38.8 

142 

5.9 

2.8 

9.0 

0.4 

4.1 

5.3 

3.4 

4.9 

27.6 

10.7 

1.3 

1.1 

4.2 

Sexual or ejaculatory dysfunction 

Testicular tumour 

Varicocele 

Infections 

4.6 

O.5a 

30.4~ 

5.3 

5.0 

Counselling; ((-adrenergic agonist, cholinergic antagonist, 

urinary sperm insemination for retrograde ejaculation; 

inseminatlon or surgery for epi-/hypaspadias 

CryopreselVation, hemicastration in case of unilateral tumour 

Embolisation, surgical ligation 

Antibiotic drugs 

Subnormal FSH and lH GnRH, gonadotrophins, anti-oestrogens, minimised 

with normal testosterone exposure to oestrogenic toxicants 

a' The frequency of varicocetes and tumours was extrapolated from a subgroup of 1,130 men 

examined with colour Doppler ultrasonography 
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Scrotal ultrasonography 

Scrotal ultrasound was added to the routine diagnostic work-up during the obser
vation period, and was performed in 1,130 of the 1,549 men. The prevalence of 
abnormal findings on scrotal colour Doppler ultrasonography is given in Table 4. In 
about 40% of the men, at least one scrotal abnormality associated with infertility was 
found; 66% of these abnormalities was not discovered by palpation. In 28% of men 
diagnosed with idiopathic semen abnormality, a scrotal anomaly was found on ultra
sonography. 

Table 4. Findings on scrotal color Doppler ultrasonography in 1,130 infertile men, and the number of 

findings that were also palpable. 

Cases (n) 

Varicocele 343 

Testicular tumor 6 

Testicular cyst 4 

Testicular microlithiasis 9 

Epididymal cyst 83 
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Fig 1. 
Mean serum FSH (striped bars) and total sperm count (open 
bars) displared ogoinst the total testicular volume (r '" ·0.44 
and r = 0.32, respectively; P < 0.001). Error bMs represent 
standard errors. 

Figure 1 shows the FSH levels and sperm counts, grouped on the basis of total 
testicular volume. The correlation between testicular volume and sperm count (r = 

0.32), and the inverse correlation between testicular volume and FSH levels (r = -

0.44) were significant (P<O.OOl). Figure 2 shows the significant inverse correlation 
between FSH and sperm count (r = -0.36, P<O.OOl), whereas Fig. 3 shows the posi
tive correlation between FSH and LH (r = 0.46, P<O.OOl). The serum testosterone 
level was negatively correlated with age (r = -0.10, P = 0.009), whereas the serum 
SHBG level was positively correlated with age (r = 0.06, P = 0.03; Fig. 4). 
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Total sperm (Qunt plolted ilgainst serum FSH of 1,549 
infertile men (r = -0.36, P < 0,001). 

FSH, LH, and testicular volume in subgroups 
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Fig, 3. 
Serum FSH plotted ilgainst serum LH of 1,549 infertile 
men (r '" 0,46, P < 0.001), 

The serum FSH concentration was different for subgroups of subfertile men (P < 
0.001; Fig. 5). Serum FSH levels were significantly higher in men with varicocele, 

history of cryptorchidism, idiopathic oligozoospermia, and idiopathic azoospermia, 

compared with men with a normal sperm concentration (P < 0.001). Similarly, serum 

LH levels were significantly higher and total testicular volume was significantly lower 

in these subgroups compared with the group with normal sperm concentration (P $ 

0.001). 

Effect of varicocele ligation on treatment policy 

In The Netherlands, the criterion for lesl in cases of andrological infertility is a 

total motile count below 1 million motile spermatozoa per ejaculate [9]. Of 139 men 

who were treated for varicocele, 39 fulfilled this criterion before varicocelectomy; in 

44% of this group, the total motile count increased to above 1 million after varico

cele ligation. 
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Discussion 

Standardisation of the work-up of andrology patients is a indispensable tools for 
improvement of the quality of patient care. In the present study, the systematic col
lection of data in electronic sources promoted a standardised patient approach. By 
restructuring and integration of separate data sources in our CPR, a large amount of 
unambiguous data has become available for clinical research. In a setting where the 
paper medical record (PMR) is the only method of capturing data, retrospective rese
arch requires the impractical reviewing of PMRs. Valuable data may be missed, 
because data is not collected in a uniform and structured form, and data may be ille
gible. Using a well-structured CPR, availability, accessibility, and analysis of the con
tents will be more efficient than with the PMR [10J. 

The scientific value of the structured database is demonstrated by the reported 
population characteristics and basal correlations. Comparison of the distribution of 
WHO diagnoses with other centres is difficult, since the study populations differ due 
to e.g. geographical differences [11 J and specific characteristics of the fertility centres. 
For example, Nieschlag [12J suggested that the high frequency of hypogonadism 
(8.9%) in his andrology population may be an overrepresentation caused by the spe
cialisation of their institute. Compared with a large WHO study [13], the most con
spicuous difference was that only 0.5% of our study population had no demonstra
ble cause (normal semen quality, normal sexual and ejaculatory function) compared 
with 54% in the WHO study. The design of the WHO study differed from ours, in that 
infertile couples were evaluated, in 39% of which only a female factor was detected, 
and in 15% no male or female cause could be diagnosed. Of the patients in the cur
rent study, 96% had impaired sperm concentration or motility, according to WHO cri
teria. Sperm morphology has also been determined, but differentiation between a 
normal and abnormal percentage of normal sperm is complicated by the lack of a 
biologically relevant lower normal percentage of normal forms [14J. In our centre, 
most of the patients were referred by gynaecologists, urologists and general practiti
oners after an initial semen analysis had indicated a male factor for the couple's infer
tility. The prevalence of oligozoospermia in these initial semen analyses at our semen 
laboratory is 34% for cases that are not subsequently referred, compared with 74% 
in patients referred to our andrology clinic. The referral of selected patients with a 
male factor may explain the overall higher frequency of identified causes in our cen
tre. Compared with our study, only the incidence of 'infectious factors' was higher in 
the WHO study, which may in part be explained by the higher prevalence of infecti
ous factors in African and Latin-American centres, constituting 25% of the patients in 
the latter study [11]. 
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An inventory was made of treatment options in our male infertile population. We 

focussed on first-line treatment of impaired semen production, deposit and function, 

whereas the assisted reproduction technologies IVF and IC51 were excluded from this 

inventory. Obviously, assisted reproduction technology (ART) can be an effective 

second-line treatment when a first-line treatment has failed, or is not appropriate. 

Especially the known and unknown genetic risks of ART [15J should promote the use 

and development of rational treatments of male infertility. Effective treatment of 

impaired sperm production and function was available for some of our patients. 

Treatment may be effective for hypogonadism [l6J and ejaculatory disorders [17J. 

Chronic systemic diseases (e.g., diabetes mellitus, Crohn's disease) often exert a del

eterious effect on fertility, and fecundity may benefit from adequate control of the pri

mary disease. Chronic use of medication with a negative effect on sexual function or 
semen quality may be replaced with alternative drugs. In cases of testicular malig

nancy, cryopreservation preceding treatment of the malignancy is indicated. 

Moreover, after unilateral orchidectomy in men that pursue pregnancy, the remaining 

testis should be shielded from radiotherapy, and exposure to chemotherapy should 

be limited [18,19J. Early detection and treatment of testicular tumours is important 

in this respect. Treatment of obstructive azoospermia may be effective, depending on 

the nature and location of the obstruction [20J. A patency rate of 86% has been 

reported after microsurgical reversal of vasectomy [21]. Counselling may alleviate 
sexual disorders [22J. 

Apart from the therapies with proven effectiveness, the efficacy of therapies for 

several other diagnoses is inconclusive. We identified unexplained subnormal serum 

F5H and LH levels in 5% of these patients. Whereas gonadotrophins and anti-oestro

gens as empirical treatment for normogonadotropic infertile men were not effective 

in relatively small study groups [23,24]' there seems to be a rationale for these tre

atments in the selected subgroup with low-level gonadotrophins. If these low gona

dotrophin levels and low sperm counts are the result of exposure to environmental 

factors with oestrogenic activity [25], treatment with anti-oestrogens may be an inte

resting topic for future research. Treatment of immunological male infertility with cor

ticosteroids has not proven effective [26,27J and may provoke side-effects [26,28J. 

Immunological infertility may be treated with sperm washing and intra-uterine inse

mination [29,30J. Based on the subgroup of 1,130 men investigated with scrotal 

ultrasound, the prevalence of varicocele was 30.4% in our clinic. Improvement of 

semen parameters following varicocele treatment is a consistent finding in most stu
dies [31-33], including randomised controlled studies [34,35]. Therefore, an impro

ved spontaneous pregnancy rate is expected. However, the randomised controlled 

trials were inconclusive with respect to pregnancy rates. The relevance of varicocele 
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repair is illustrated by the present observation that in 44% of men with less than 1 
million motile spermatozoa per ejaculate, improvement to above this threshold was 
achieved. Infection of the urogenital tract, as present in 5% of our patients, is ano
ther diagnosis for which the benefit of treatment is still inconclusive, due to a lack of 
randomised controlled studies using modern antibiotics. 

In 44% of our study population, unexplained impaired semen quality was found 
with the standard WHO diagnostic work-up. This figure is reduced to 34% if the pre
valence of varicoceles and testicular tumors detected with scrotal sonography is 
extrapolated for the entire study group. An accurate diagnostic work-up may eluci
date where further research on development of diagnostic procedures and satisfac
tory therapy is needed. In a collaborative study, genetic abnormalities associated with 
male infertility (i.e., (FTR gene mutations, Y chromosome microdeletions, and other 
chromosomal abnormalities) in 26% of 58 men with less than 106 motile sperma
tozoa per ml ejaculate [36]. Others reported a similar prevalence of genetic abnor
malities [37]. Although treatment of these abnormalities may not be possible, gene
tic counselling before I(SI is indicated. 

The significance of a proper diagnostic work-up is not only to ensure that an 
appropriate therapy is deployed for infertility. Part of the diagnoses may require the
rapy to prevent development or progression of other disorders (e.g., testicular malig
nancy, osteoporosis secondary to hypogonadism), or further deterioration of male 
fertility (e.g., epididymitis or obstruction as a result of a Chlamydia trachomatis infec
tion). 

The large standardised data collection enabled to evaluate numerous andrologi
cal research questions. We confirmed the positive correlation between testicular 
volume and sperm count, FSH and LH; and the negative correlation between testi
cular volume and FSH, and FSH and sperm count. We also showed a significantly hig
her serum FSH level in men with varicocele, history of cryptorchidism, and idiopathic 
semen abnormality, compared with men with a normal sperm count. These obser
vations are in line with what would be expected based on the literature [131. 
Especially evaluation of correlations that are diluted - by pooling of infertile men with 
different disorders, confounding factors, and variation - may require a large study 
population. The correlations between age on the one hand, and serum testosterone 
and SHBG on the other were weak, and could not have been found in a small hetero
geneous group of infertile men. Similar correlations were shown previously in a 
group of healthy men, with a more appropriate age range for studying these associ
ations [381. 
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The current results demonstrate the value of routine data collection based on a 
uniform andrology dataset. ePRs can aid in the structured collection of these data, 
and form an efficient and reliable source of data for clinical research and other pur
poses (e.g., quality control, management information, case finding). The accurate 
evaluation of infertile males can lead to well-defined diagnoses. A proper diagnostic 
work-up is essential for optimal therapy. Finally, we emphasise the importance of 
standardisation among fertility centres, which may enable meaningful comparison 
and pooling of data for mullicentre research to further improve the quality of andro
logical care. 
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Chapter 4 

Abstract 

Inhibin B is produced by Sertoli celis, provides negative feedback on FSH secre

tion, and may prove to be an important marker for the functioning of seminiferous 

tubules. The purpose of the present study was to examine the relationship between 

the spermatogenic function of the testis of subfertile men and the serum concentra

tions of inhibin Band FSH. These parameters were estimated in a group of 218 sub

fertile men. 

Serum inhibin B levels were closely correlated with the serum FSH levels (r = -

0.78, P<O.OOI), confirming the role of inhibin B as feedback signal for FSH producti

on. 

The spermatogenic function of the testis was evaluated by determining testicular 

volume and total sperm count. Inhibin B levels were significantly correlated with the 

total sperm count and testicular volume (r = 0.54 and r = 0.63, respectively; 

P<O.OOI). 
Testicular biopsies were obtained in 22 of these men. In hi bin B was significantly 

correlated with the biopsy score (r = 0.76, P<O.OO I). Receiver operating characteristic 

analysis revealed a diagnostic accuracy of 95% for differentiating competent from 

impaired spermatogenesis for inhibin B, whereas for FSH a value of 80% was found. 

We conclude that inhibin B is the best of the available endocrine markers of sper

matogenesis in subfertile men. 
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Introduction 

FSH is currently regarded as the most important endocrine parameter in the eva
luation of male infertility [1], Its secretion can be suppressed by the testicular hor
mone inhibin, which is produced in Sertoli cells and may, therefore, be a serum mar
ker for Sertoli cell function, Attempts to confirm this role of inhibin originally yielded 
contradictory results, Results of heterologous inhibin assays demonstrated that 
serum inhibin levels were stimulated with exogenous FSH and decreased after treat
ment with GnRH antagonists, radiotherapy-induced testicular damage, and testoste
rone [2-6], In contrast, a negative correlation between inhibin and FSH levels could 
not be shown, and inhibin levels in fertile controls and subfertile men with testicular 
disorders were not different [7], 

This discrepancy can now be explained on the basis of the aspecificity of the in hi
bin assay that was used, Inhibin is a dimer of an ((- and a 0-subunit Depending on 
the type of 0 subunit, (BA or 0B), in hi bin A or inhibin B is formed, 

The antibodies used in the heterologous inhibin radioimmunoassay (RIA) were direc
ted against the ,,-subunit, and they detected both dimeric inhibin and biologically 
inactive monomeric ,,-subunits [8], Since new specific sandwich assays for inhibin A, 
inhibin B, and uncombined ((-subunits have been developed, studies have been 
undertaken to investigate the role of inhibins in male and female endocrinology, 

One major finding is that inhibin B is the physiologically important form of inhi
bin in the male, serum inhibin A levels being undetectable [9], The finding that 
castration results in undetectable inhibin B levels indicates that circulating inhibin B 
is produced by the testes [10], Furthermore, recent papers have reported a strong 
negative correlation between FSH and inhibin B in fertile and subfertile men [9,11-
14], 

Little information is available on the correlation of inhibin B with the severity of 
spermatogenic defects in subfertile men, So far, lower inhibin B levels were reported 
in a limited number of subfertile men, compared with fertile controls [10], More 
recently, inhibin B was found to be correlated with the sperm concentration in a 
study of 349 normal men [12] and in a mixed group of 65 men with normal and 
impaired spermatogenesis [13], 

The aim of this study was to further investigate the clinical value of inhibin B esti
mations in subfertile men and to correlate inhibin B levels with clinical history, testi
cular volume, testicular biopsy score, and sperm characteristics, Subsequently, we 
analysed the additional value of inhibin B, compared with that of FSH, with special 
emphasis on the differentiation between normal and impaired spermatogenesis, 
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Subjects and Methods 
Patients 

Chapter 4 

The study comprised 218 consecutive patients that were referred to our androlo
gy outpatient clinic with fertility problems (age, 21-57 years). In the period 
September 1996 until October 1997, 235 new patients were enrolled, of which 17 
were excluded from further study on the basis of medication (n = 7; androgens or 
anti-estrogens), unilateral castration (n = 4), hypogonadotropic hypogonadism (n = 
3), systemic disease (n = 1; renal failure), Of chromosome translocation (n = 2). 

Infertility of the couple was defined as a duration of infertility of more than 1 year. 
Patients were subjected to a thorough clinical evaluation according to the WHO 
Manual for the Standardized Investigation and Diagnosis of the Infertile Couple [IS]. 
Patients were diagnosed with normospermia (n = 49; ~20 million sperm! ml), idio
pathic moderate oligozoospermia (n = 69; 5-20 million sperm! ml), idiopathic seve
re oligozoospermia (n = 58; >0 and <5 million sperm! ml), idiopathic azoospermia 
(n = 15), obstructive azoospermia (n = 6, normal FSH, normal testicular size, and 
Johnsen score> 8; in 3 of these men, congenital absence of the vas deferens was 
diagnosed with ultrasonography), history of cryptorchidism (n = 17, accompanied by 
oligozoospermia), or Klinefelter's syndrome (n = 4). 

Hormone analyses 
Serum samples were stored for a period of 1 day to maximal 5 weeks at -20'C 

before analysis. Inhibin B was measured using kits purchased from Serotec Limited, 
Oxford UK [16]. The within-assay coefficient of variance (CV) was less than 9%, and 
the between-assay CV was less than 15%. ',-he lowest detectable inhibin B concen
tration was 5 pg / ml (based on the mean value of the blanks + 2 SD). A value of 2.5 
pg / ml (the mean of the undetectable range) was assigned to test results below 5 
pg / ml. Serum FSH and LH were determined with the Amerlite FSH and LH assays 
(Orange-Clinical Diagnostics, Amersham, UK). Within-assay and between-assay CVs 
are less than 3, less than 8% and less than 5, less than 15% for FSH and LH, res
pectively. Total serum testosterone was determined by RIA as described earlier [17] 
(within- and between-assay CV: less than 6 and less than 9%). Using the above assa
ys, mean (SD) FSH, LH and testosterone levels in a group of normal men were 2.5 
(1.3) IU / I, 3.6 (1.9) IU / I, and 17.6 (6.8) nmol! I [18]. Per patient, all hormone con
centrations were analysed in the same blood sample. 
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Semen analysis 
Semen analyses were carried out according to the WHO Laboratory Manual for 

the Examination of Human Semen and Semen-Cervical Mucus Interaction [19]. Per 
patient, the results of the two semen analyses that were performed closest in time 
to the hormone analyses were selected. Per patient, the average sperm count was 
calculated. The median time difference (semen analysis date - blood sampling date) 
was 22 days (10th and 90th percentiles; -23, 51.4 days). Semen samples were obtai
ned and assessed in 205 of the 218 patients. 

Testicular evaluation 
Testicular volume was estimated with the Prader orchidometer. Bilateral biopsy 

specimens were available on 22 of the 218 piltients. Testicular biopsies were perfor
med to discriminate impaired spermatogenesis from excurrent duct obstruction as a 
cause for azoospermia or severe oligozoospermia. Criteria for testicular biopsy were: 
azoospermia accompanied by a normal FSH level, or less than 5 million sperm / ml 
ejaculate. Biopsy specimens were scored using the method described by Johnsen 
[20], as modified by Aafjes et al. [21]. Seminiferous tubule cross-sections were rated 
with a score from I to 10, based on the most advanced stage of spermatogenesis 
observed. The mean score of at least 50 tubules was calculated per biopsy, both for 
the left and right testis. Tubules scored 10 for complete and abundant spermatoge
nesis with at least 5 condensed spermatids; 8 when all stages of spermatogenesis 
were present, but less than 5 condensed spermatids were seen; 7 when no con
densed spermatids, but at least 5 round spermatids were present; 6 when no con
densed spermatids, and less than 5 round spermatids present; 5 when no sperma
tids, but 5 or more spermatocytes present; 4 when no spermatids and less than 5 
spermatocytes were present; 3 only spermatogonia present; 2 for Sertoli cells only; 
and I for no cells in the tubular section. It WilS previously shown that spontaneous 
pregnancy is possible when a biopsy score of ,,8 is present, but highly unlikely below 
a Johnsen score of 8 [21]. 

Statistical analysis 
The FSH, LH, testosterone, and sperm count variables were transformed logarith

mically to achieve a normal distribution. Correlations were calculated with Pearson's 
method. Differences between patient groups were tested with one-way ANOVA, fol
lowed by Fisher's least-significant difference method for pairvvise comparisons. 

The performance of inhibin B or FSH estimations in discriminating between nor
mal and impaired spermatogenesis (Johnsen score" 8 or <8) was described by 
receiver operating characteristic (ROC) statistics. ROC curves were drawn by plotting 
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the sensitivity against the false positive rate (1-specificity) for varying cut-off levels of 
inhibin Band FSH. A non-discriminating test would follow the diagonal line of the 
figure, whereas a 100% accurate so-called gold standard test would coincide with 
the upper left corner of the box. By comparing the areas under the curve (AUCs) for 
inhibin Band FSH, the diagnostic values of both hormones were compared [22J. 
AUCs were estimated with the Wilcoxon statistic [23J. 

Independent variables predictive of the biopsy score were identified with linear 
mUltiple regression analysis. Two-sided P values less than 0.05 were considered sig
nificant. Statistical analyses were carried out with the SPSS 7.5 for Windows statisti
cal software package. 

Results 
Inhibin B was detectable in all but 6 men, with a mean concentration of 144.2 ± 

4.9 (SEM) pg / ml. Subdivided by diagnosis, the mean (SEM) serum inhibin B concen
trations were 244.0 (31.6) for obstructive azoospermia, 1B1.9 (9.1) for normosper
mia, 166.1 (7.3) for moderate oligozoospermia, 12B.4 (B.B) for severe oligozoosper
mia, 52.0 (14.4) for idiopathic azoospermia, 7.3 (2.5) for Klinefelter's syndrome, and 
11B.1 (1B.3) pg / ml for patients with a history of cryptorchidism (Fig. 1). Compared 
with the group with normospermia, the mean serum inhibin B levels were signifi
cantly lower in the groups with severe oligozoospermia, idiopathic azoospermia, 
Klinefelter's syndrome, and a history of cryptorchidism. The mean inhibin B level in 
patients with obstructive azoospermia, in which spermatogenesis may be normal, 
was significantly higher, when compared with the other groups. 

Table 1. correlations between lnhibin B, FSH, lH, testosterone (T), testicular volume (TV, sum of left and 

right testis), mean bilateral Johnsen score, and sperm count are in italic, and number of patients 

(P value) are boldface. 

Inhibin B FSH lH T TV Johnsen Sperm 

score count 

Inhibin B -0.78° -0.41 0 0.20° 0.6Jo 0.76° 0.54° 

FSH 218 «0.001) 0.550 -0.17° -0.56° -0.64° -0.550 

lH 218 «0.001) 218 «0,001) 0.01 -0.34° -0.35 -0.320 

T 208 (0,004) 208 (0.02) 208 (0.97) 0.18° 0.38 0.13 

TV 166 «0.001) 166 «0,001) 166 «0.001) 164 (0.02) 0.34 0.38° 

Johnsen score 22 «0,001) 22 (0.001) n (0,11) 21 (0.11) 20 (0.14) 0.53° 

Sperm count 205 «0.001) 20S «0,001) 205 «0,001) 202 (0,07) 156 «0.001) 17 (0,03) 

a: Correlation coefficients are statistically significant. 

Table 1 shows the correlations of inhibin B with parameters related to spermato-
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genesis. The inhibin B levels were correlated with the total sperm count (r = 0.54, 
P<O.OOl; Fig. 2); patients with obstructive azoospermia were excluded from this cor
relation and other correlations with the sperm count. The inhibin B levels were also 
significantly correlated with the total bila
teral testicular volume (Fig. 3), the 
Johnsen score (Fig. 4), and negatively with 
serum FSH (Fig. 5) and LH levels. The cor-
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The accuracy for differentiating adequate (Johnsen score ~ 8) from impaired sper

matogenesis (Johnsen score <8), on the basis of inhibin Band FSH levels, was esti

mated from the area under the ROC curve (Fig. 6). The AUC was 0.95 (SE: 0.07) for 

inhibin Band 0.80 (SE: 0.12) for FSH. The areas under the ROC curves for inhibin B 

and FSH were statistically different (P = 0.04). Depending on the desired sensitivity 

or specificity of inhibin B or FSH, a cut-off level can be deduced from the ROC cur

ves. When the point on the curve closest to the upper left corner of the box corres

ponding to 100% sensitivity and 0% false positives (100% specificity) was selected, 

this resulted in cut-off levels of inhibin B less than 139 pg / ml and FSH more than 

4.9 IU / I to identify patients with impaired spermatogenesis. The sensitivity and spe

cificity corresponding to these cut-offs were 83 and 90% for inhibin B, and 75 and 

80% for FSH, respectively. 

In addition, linear multiple regression was performed to study whether hormonal 

variables could account for the variation in the mean bilateral Johnsen score. The 

Johnsen score was predicted from FSH and inhibin B, the variables correlated with it 

in Table 1. Sperm count was not entered as independent variab!e/ because an unre
vealed (partial) obstruction may bias the bi psy score vs. sperm count correlation. The 

regression procedure indicated inhibin B as the best predictor of the Johnsen score, 

explaining 58% of the variance. In the resulting regression equation [Johnsen score 

= 4.78 + (0.017 x inhibin B) + (0.05 x FSH)J, the coefficient for inhibin B was sta

tistically significant (P = 0.007), whereas FSH did not improve the regression model 

(P = 0.24). 
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Discussion 

In this study, we demonstrate a significant correlation between sperm concentra
tion, sperm count, and testicular volume on the one hand, and serum inhibin B levels 
on the other. These results provide strong evidence that inhibin B is an important 
marker of the competence of Sertoli cells and spermatogenesis in the human, which 
is in accordance with the few reports on inhibin B and quality of spermatogenesis up 
to now [9,10,12,13J. In the first two studies, a lower inhibin B concentration was 
noted in small groups of men with azoospermia, testicular disorders, and infertility, 
as compared with fertile controls. More recently, results of two larger study popula
tions became available, showing a significant positive correlation of inhibin B with 
sperm concentration in 349 normal men [12J, and with sperm concentration and 
testicular volume in 65 men with normal and impaired spermatogenesis [13J. 

We now provide further evidence for the value of inhibin B as a marker of sper
matogenesis by the novel finding of a statistically significant positive correlation with 
the most accurate assessment of spermatogenesis in our setting, the testicular bio
psy score. We compared the accuracy of FSH and inhibin B levels to distinguish bet
ween patients with competent and impaired spermatogenesis, based on the Johnsen 
score. The area under the ROC curve, corresponding to the accuracy of the diagnostic 
method, was significantly larger for inhibin B. Multiple linear regression analysis also 
revealed that FSH had no significant additional predictive value for the Johnsen score 
above inhibin B. 

The choice for a cut-off level for inhibin B or FSH to discriminate competent from 
impaired spermatogenesis depends on the priority of high sensitivity or specificity. 
We arbitrarily chose the cut-off level closest to the upper left corner of the box. The 
resulting cut-off levels for inhibin B «139 pg / ml) and FSH (>4.9 IU / I) were sur
prisingly close to the cut-off levels for these hormones based on control populations. 
A lower normal limit for inhibin B has not been defined, but it was 140.6 pg / ml 
(95% confidence interval, 140.6-225.7) for a group of 18 semen donors [9J. We use 
5.1 IU / I as the upper normal limit for FSH based on the mean plus 2 SD 

[2.5+(2*1.3») in a population of normal men [18J. 

The present data show significant differences in mean in hi bin B levels between 
diagnostic subgroups. The inhibin B levels were significantly lower in patients with a 
spermatogenic defect, as compared with the group with normospermia. Patients 
with obstruction as the sale identified cause for azoospermia had normal inhibin B 
levels, which were significantly higher, compared with other subgroups. With the 
aspecific heterologous assay for inhibin, no differences in inhibin levels between 
comparable subgroups were found [7J. 
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A further advantage of inhibin B measurement is that it reflects the function of 
the total testicular tissue, whereas a biopsy may not be representative for the entire 
testis. Multiple biopsies, which are nowadays performed for testicular sperm extrac
tion, often show a large variation in the completeness of spermatogenesis [24]. This 
heterogeneity of spermatogenesis is even more conspicuous in patients with impai
red spermatogenesis, where sections with complete spermatogenesis may be found 
among others with germinal cell aplasia, referred to as focal spermatogenesis [25]. It 
has to be established whether inhibin B levels can demonstrate the presence of focal 
spermatogenesis and, in this way, could reduce the need for invasive testicular biop
sies. It is not unlikely that, in many cases, the area of spermatogenesis is too small 
to substantially increase serum inhibin B levels. 

FSH was regarded the most important endocrine marker for testicular function 
until now [26]. The diagnostic value of inhibin B for spermatogenetic disorders seems 
to be better. This may be explained by the fact that inhibin is a direct product of the 
seminiferous tubules, and that its secretion is stimulated by the presence of advan
ced stages of spermatogenesis [27]. In contrast, FSH levels are also affected by GnRH, 
estradiol, and testosterone. 

In conclusion, we have confirmed the role of inhibin B in FSH regulation, and we 
have found a strong correlation of inhibin B levels with spermatogenesis. Our results 
provide further and novel evidence that inhibin B is the best of the known endocri
ne markers for spermatogenesis. Inhibin B estimation may prove an alternative for 
testicular biopsy in the differentiation between normal and impaired spermatogene
sis. 
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Chapter 5 

Abstract 
Purpose: To determine the value of routine scrotal ultrasonography in the evalu

ation of male infertility. 
Subjects and Methods: Scrotal colour Doppler ultrasonography reports of 1,372 

infertile men were reviewed to assess the prevalence of scrotal abnormalities. 
Ultrasound findings were compared with clinical findings. 

Results: The prevalence of scrotal abnormalities was 38%. A testicular tumour 
was found in 0.5%, varicocele in 29.7%, testicular cyst in 0.7%, testicular microlithi
asis in 0.9%, epididymal cyst in 7.6% and hydrocele in 3.2% of the cases. Overall, 
67% of the sonography findings were not discovered by palpation. Only lout of 7 
testicular tumours was suspected upon palpation. Sixty percent of the varicoceles 
were not found upon physical examination. The rate of testicular tumours (1/200) 
was higher than reported for the general population (1/20,000). 

Conclusions: Routine scrotal ultrasound provides valuable information in the dia
gnostic evaluation of infertile men. Substantially more pathology is detected compa
red with clinical palpation. Particularly the high prevalence of testicular malignancies 
underlines the clinical relevance of routine scrotal ultrasonography in infertile men. 
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Introduction 
Examination of the scrotal contents may reveal pathology affecting male fertility. 

Varicocele is the most common abnormal finding in infertile men with subnormal 
semen. In general, screening for varicocele is performed by palpation. Although the 
varicocele can be diagnosed as a palpable distension of the spermatic cord, a poor 
accuracy of palpation has been reported [1]. Therefore, we use colour Doppler ultra
sonography (CDU) as alternative for varicocele palpation in infertile males. 
Ultrasonography combined with colour Doppler examination is the method of choi
ce for imaging of scrotal organs [2J and allows a more objective and precise assess
ment of varicoceles [3J. 

Concomitant with screening of the scrotal contents for varicocele, CDU can reve
al other abnormalities that are not identified by history taking and physical examina
tion. The prevalence of scrotal abnormalities in infertile males, in particular testicular 
and epididymal anomalies, has not been studied extensively up to now, since scro
tal CDU is generally not employed as a routine procedure in the work-up of the infer
tile man. In recent years, a higher incidence of testicular tumours in infertile men as 
compared with the normal population has been reported. This suggests that male 
infertility is associated with an increased risk of testicular malignancy [41. Routine 
scrotal CDU in the high risk group of male infertility may reveal testicular tumours 
that are not detected by physical examination. 

The aim of the present study was to investigate the value of routine scrotal ultra
sonography in infertile men, and to compare ultrasound findings with physical exa
mination. 

Subjects and Methods 
The study comprised 1,372 infertile men (age 20-58 years) who were referred to 

our andrology outpatient clinic in the period 1990 to 1996. Infertility was defined as 
the inability to achieve a pregnancy within 1 year. Patients were referred after an ini
tial semen analysis had revealed abnormal semen quality. Patients were subjected to 
a thorough evaluation according to the 'WHO manual for the standardized investiga
tion of the infertile couple' [5J. This evaluation included estimation of testicular volu
me with the Prader orchidometer, varicocele palpation, assessment of location, size 
and consistency of testes and epididymides. Ninety-nine percent of the patients had 
abnormal semen in 2 analyses, according to WHO guidelines [61. 

CDU of the scrotal contents was executed on a routine basis with a high-fre
quency duplex echotransducer (7.5 MHz and higher), equipped with colour flow ima
ging. The presence of a varicocele was diagnosed on the basis of a venous diameter 
of 3 mm or more with increasing diameter during Valsalva manoeuvre or when chan-
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ging from supine to upright position [7J. Increased venous retrograde flow in the 
pampiniform plexus in upright position, or during Valsalva manoeuvre, was used as 
a supporting sign [8J. 

Although scrotal ultrasound was originally performed to detect varicoceles, other 
abnormalities were also reported. Retrospectively, the reports were searched for 
scrotal anomalies which were classified as varicocele, testicular cysts, testicular 
microlithiasis (TML; characterised by diffuse punctate non-shadowing hyperechoic 
foci in the testicular parenchyma), testicular tumours, epididymal cysts, and hydro
cele. Scrotal palpation and CDU were performed independently by several investiga
tors. 

Results 
With scrotal CDU, one or more abnormalities were observed in 38% (521/1,372) 

of the infertile men. Table 1 shows the prevalence of the separate findings. 
Suspicion of a tumour was raised in 7 patients/ on the basis of a circular inho

mogeneous area. The diagnosis of a tumour was confirmed by surgery in all cases. 
The tumours were classified by pathologists as a Leydig cell tumour in 5 cases and 
as seminoma in 2 cases. Only in one of these patients the testicular tumour was sus
pected on the basis of palpation of a testis with hard consistency and a volume lar
ger than contralateral (25 vs. 12 mI.). The diameter of this spherical tumour was 3 
centimetres. The 6 non-palpable tumours had a maximum diameter of 0.5, 0.5, 0.8, 
1.0, 1.5 and 2.5 centimetres, respectively. The latter tumour had a soft consistency, 
and palpation of the testis was complicated by a high scrotal location. This patient 
had a history of unilateral cryptorchidism of the affected testis. Of other men with a 
non-palpable testicular tumour, one had a history of epididymo-orchitis, and one a 
history of bilateral cryptorchidism. 

Table 1. Findings upon scrotal colour Doppler ultrasonography in 1,372 infertile men 

Cases (N) % 

Varicocele* 407 29.7 

Testicular cyst 9 0.7 

Testicular tumour 7 O.S 

Testicular microlithiasis 12 0.9 

Epididymal cyst 104 7.6 

Hydrocele 44 3.2 
,. Bilateral varicocele in 11% (N=45/407) 

79 



Varicocele was the most frequent finding observed during scrotal CDU examination. The 

results of palpation and CDU as method to detect a varicocele are compared in Table 2. The 

sensitivity of palpation to detect a varicocele was 400/0, specificity was 91 % and the positive pre

dictive value was 660/0, as compared with CDU. 

Table 2. Palpation compared with colour Doppler ultrasonography in diagnosing varicocele 

Palpation 

Colour 

Doppler 

+ 

+ 
163 

85 

248 

240 

873 

1,113 

403 

958 

1,361 

Four of 12 patients with TML had a history of cryptorchidism, and another patient 
had a history of a large-cell calcifying Sertoli cell tumour in the removed contralate
ral testis. Testes were retractile in one patient with TML. Four of the 44 hydroceles 
detected with CDU were palpable. In 15 hydroceles, a history of a testicular trauma 
(N=3), a history of urogenital surgery (N= I 0; inguinal hernia, varicocele repair, orchi
dectomy, vasectomy, vaso-vasostomy or orchidopexy), and a history of epididymitis 
(N=2) had been revealed. In lout of 9 cases, the testicular cyst was palpable. 
Epididymal cysts were palpable in 22 of the 104 cases. Four patients with epididymal 
cysts had complaints of pain in the scrotum, 3 had undergone vaso-vasostomy, and 
8 had a history of a urogenital infection. 

Discussion 

The prevalence of 38% scrotal abnormalities found during scrotal CDU in our 
infertile population was unexpectedly high. Only in 33% of patients with ultrasono
graphical abnormalities, palpation of the scrotal contents had revealed abnormalities. 
Examination of the scrotal contents with CDU was primarily performed for detection 
of a varicocele. The prevalence of varicocele was 29.7%. These varicoceles were 
generally unilateral on the left side, and bilateral in 11% of the cases. Although the 
CDU reports were not standardised for other scrotal findings, hydroceles were repor
ted in 3.2%, epididymal cysts in 7.6%, testicular cysts in 0.7%, testicular tumours in 
0.5%, and TML in 0.9% of the patients. Due to the retrospective design of our study, 
a fertile control group was not available. Two other studies using routine scrotal 
sonography in large groups of infertile men reported a prevalence of 50 and 57% 
scrotal abnormalities in 1,048 and 200 cases, respectively [9, IOJ. The somewhat hig
her prevalence in these studies may be explained by the additional classification of 
'enlarged epididymis', 'testicular inhomogeneity', 'abnormal testis location' and 'testi-
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cular hypoechogenicity'. Inhomogeneity of the testicular tissue has been associated 
with a reduced testicular biopsy score and sperm count [11 J. Another advantage of 
scrotal CDU is the more accurate estimation of testicular volume compared with cli
nical measurements [12J. 

A sensitivity of ultrasound to detect scrotal abnormalities of 98.5% has been 
reported, with a diagnostic accuracy of 77-100%, depending on the type of abnor
mality [2J. The addition of colour Doppler technology to ultrasonography has ampli
fied its diagnostic accuracy [2J. 

In 7 patients, a suspicion of a tumour was raised by CDU and confirmed by sur
gery and pathology. Only one tumour was suspected by palpation of the testis. The 
prevalence of testicular tumours in our infertile population (1/200) is in agreement 
with the high rate of testicular tumours in infertile patients reported by others 
[9,13, 14J. Testicular cancer has been associated both with cryptorchidism and infer
tility, and a common aetiology has been suggested [4, 15J. Although we have not per
formed scrotal CDU in a control group of fertile males, the rate in our infertile popu
lation (1/200) is higher than reported in the general European population 
(1/20,000) (16). On the basis of this high frequency, sonographic screening for testi
cular tumours in infertile men may be warranted. 

Early detection of testicular tumours is especially important in men pursuing 
paternity, so that sperm cryopreservation or assisted reproduction can be performed 
before spermatogenesis is further affected by the tumour or its treatment. Early tre
atment may prevent a more aggressive treatment, thereby limiting damage to sper
matogenesis from radiation and chemotherapy in the contralateral testis [4J. 

The prevalence of TML was 12 out of 1,372 patients. This phenomenon has been 
associated with Klinefelter's syndrome, infertility, a history of cryptorchidism, and 
testicular neoplasm [17J. In one of our patients with TML, a Sertoli cell tumour had 
been diagnosed in the contralateral testis, which was removed earlier. Four out of 12 
TML cases had a history of cryptorchidism. In one patient with TML the testes were 
retractile. In cases of TML, repeated testicular ultrasound to identify tumour develop
ment may be indicated. 

In 9 patients a testicular cysts was diagnosed, which was suspected by palpation 
in only one patient. Intratesticular cysts require a further differentiation, to exclude 
the possibility of a teratoma [18J. 

The incidence of epididymal cysts was 7.6% (104/1,372). Of the cysts, 21% was 
also reported as a palpable thickening of the epididymis. The clinical significance of 
epididymal cysts is unclear. The epididymal cysts were not equivalent to epididymal 
obstruction, since azoospermia was observed in only 2 out of 17 patients with bila
teral epididymal cysts. 
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Varicocele in 407 of 1,372 men (29.7%) was the most frequent finding. We report 

a low sensitivity of palpation (40%), which emphasises that many varicoceles in the 

infertile population are undetected. The accuracy of palpation is disputed since a low 

inter-observer agreement [1 L sensitivity, and specificity have been reported [3,8,19]. 

CDU is a more accurate and objective screening method [3], and allows grading on 

the basis of venous diameter or reflux characteristics. 

Conclusions 
Colour Doppler ultrasonography is a valuable method for diagnosing scrotal 

abnormalities in the infertile population. Scrotal ultrasonography frequently detected 

scrotal abnormalities that were non-palpable. Especially the relatively high prevalen

ce of testicular neoplasms stresses the importance of routine scrotal ultrasound in 

infertile men. 
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Chapter 6 

Abstract 

The debate on the efficacy of varicocele ligation for improvement of semen para
meters and pregnancy rates is ongoing. In addition, no consensus exists as to the 
benefit of treatment of subclinical varicoceles. The aim of this study was to investi
gate, retrospectively, the effect of high ligation of both subclinical and clinical varico
celes on sperm count and motility. The value of several factors from history taking 
and physical examination for the prediction of successful varicocelectomy was ana
lysed. A total of 139 patients, operated on for a unilateral varicocele on the left side, 
were studied. Varicoceles were subclinical in 73 patients, based on colour Doppler 
ultrasonography, and 66 varicoceles were clinical, based on palpation in addition to 
ultrasonography. Comparison of semen parameters before and after surgery revea
led a significant improvement. The median sperm count increased from 10.0 to 14.7, 
and 18.2 to 28.6 million / ejaculate, in patients with subclinical and clinical varico
celes, respectively (P < 0.001). The percentage improvement in median sperm count 
in subclinical varicoceles was not statistically different from the improvement in cli
nical varicoceles. Mean progressive motility improved significantly after ligation (P < 
0.001). The improvement in motility in subclinical varicoceles, from 16 to 23%, was 
significantly larger than the 24 to 27% improvement in clinical varicoceles. The incre
ase of sperm count was related positively with testicular volume before surgery (P < 
0.05). The increase in sperm motility was significantly lower in patients with a histo
ry of cryptorchidism (n = 22, P < 0.05). 

The present data show that ligation of varicoceles detected with Doppler ultraso
nography, whether palpable or not, results in an increase of sperm concentration and 
motility. 
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Introduction 
Varicocele is the most frequently identified male factor in couples consulting with 

fertility problems. Varicocele has been associated with adverse effects on sperm con
centration, motility and morphology, testis size and histology, blood hormone levels, 
and pregnancy rates [1]. Most studies on the effect of varicocelectomy have reported 
improvement in male fertility, but the degree of improvement varies substantially. 
Mordel ef 0/. [2J reviewed fifty reports, in which improvement of semen parameters 
and pregnancy rates after spermatic vein ligation varied from 0 to 92% (mean 57%), 
and 0 to 63% (mean 36%), respectively. The results of two prospective, randomised 
controlled studies also reported different outcomes of varicocele occlusion in terms 
of alteration in sperm quality and pregnancy rate [3,4J. 
Possible reasons for the differences in outcome of varicocelectomy between studies 
are differences in the composition of patient groups (e.g. duration of infertility, age, 
the size of the varicocele and preoperative semen characteristics [5]). 

The size of the varicocele may influence the outcome of varicocele ligation. 
Marsman & Schats[6J reviewed the literature on the controversial concept that the 
subclinical varicocele (SV) is detrimental to spermatogenesis, and that sv ligation 
improves semen quality. Like the more generally accepted treatment of the clinical 
varicocele (CV), the reported effects of SV ligation on sperm characteristics and preg
nancy rates show a substantial variation, and it is unclear whether SV and CV patients 
benefit similarly from varicocele treatment. 

Moreover, no consensus exists as to the method of choice for diagnosing varico
celes. Palpation can be performed routinely, but a low specificity and sensitivity have 
been reported [7J. Since palpation is not accurate, other modalities are utilised to 
identify CV and SV (e.g. thermography, venography, colour Doppler ultrasonography, 
Doppler stethoscope). 

In the current paper, we present the effect of the Palomo procedure on sperm 
concentration and motility in 139 patients with a varicocele detected using colour 
Doppler ultrasonography, that was either palpable or not. The cohort of SV (n = 73) 
is one of the largest reported so far. Factors that may predict successful varicocelect
omy were analysed. 
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Patients 

Chapter 6 

A group of 139 patients who underwent retroperitoneal high varicocele ligation 

[8] were included in this study. Varicoceles were graded as clinical if the distension 

of the pampiniform plexus was visible or palpable (with or without Valsalva manoeu

vre), with the patient in the upright posture, and were confirmed by colour Doppler 

ultrasonography (CDU). Varicoceles were graded subclinical whenever palpation was 

negative, but CDU was positive. Since varicocele is defined as venous reflux in the 

pampiniform plexus, usually caused by incompetent valves and resulting in dilatation 

of the veins, the varicocele can be diagnosed both on the basis of reflux and venous 

diameter. We used CDU (high-frequency duplex echotransducer ~ 5 MHz) to deter

mine venous diameter (ultrasound) and direction and velocity of bloodflow (Doppler 

sonography). Ultrasonography was considered positive when the diameter of veins 

was 3 mm or more with increasing diameter during Valsalva manoeuvre or when 
changing from supine to erect posture [9]. Doppler ultrasound was considered posi

tive when increased venous retrograde flow in the pampiniform plexus was detected 

in erect posture, or during Valsalva manoeuvre [10]. Varicocele ligation was perfor

med using the Palomo approach [8]. Inclusion criteria for surgery were infertility 

(with a duration of more than 1 year), presence of a varicocele and subnormal sperm 

parameters « 50% progressive motility, < 20 million sperm/ml, or < 40 million 

sperm/ejaculate). Azoospermic patients with varicocele were not treated. The age, 

duration of infertility, testicular volume prior to surgery (Prader orchidometer), type 

of infertility (primary or secondary) and history of cryptorchidism and accessory gland 

infection [11] for the study population are given in Table 1. 

Table 1. Genera! characteristics of the study population. Values are means ± so or percentages 

Subclinical varicoceles Clinical varicoceles 

(n ~ 73) (n ~ 66) 

Age at surgery (years) 32.7 (4.6) 32.6 (4.8) 

Years of infertility 3.8 (2.5) 2.9' (1.6) 

Total testicular volume (ml) 28.4 (7.2) 30.0 (8.6) 

Primary infertility (%) 89 86 

Cryptorchidism (%) 23 8' 

Accessory gland infection (%) 5 5 

Sperm antibodies (%) 5 6 

a, P<O.05, clinical versus subclinical varicocele 
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Semen analyses were performed according to WHO guidelines, and comprised 
volume, sperm concentration and percentage progressive motility [12]. The total 
sperm count (sperm concentration x ejaculate volume) was used as outcome varia
ble instead of sperm concentration, to correct for differences in ejaculate volumes 
between and within patients. Sperm antibodies were detected with the direct mixed 
antiglobulin (MAR) reaction test (SpermMar IgG Test, Ferti Pro, N.U., Beernen, 
Belgium). MAR binding of 40% or more of motile spermatozoa was regarded as posi
tive. Semen samples were obtained after a 2-5 day abstinence period. All semen ana
lyses in the 2 years before varicocele ligation, and in the period from 70 days to 2 
years after ligation were assessed, The mean number of assessed semen analyses 
was 2.3 (range 1-7) before and 2.4 (range 1-8) after ligation. 

Data management and analysis 
Practically all patient data of the Andrology outpatient clinic are stored electroni

cally in subsystems of the hospital information system. To exploit the potential of 
these separate data collections, an Andrology Research Information System (ARIS) 
has been developed, based on the ORCA (Open Record for Care) electronic patient 
record, that validates and integrates these data sources, facilitating clinical research 
on patient data [13]. 

For patients who fulfilled inclusion criteria, data were retrieved from ARIS by a 
query on: date of birth, primary/secondary infertility, duration of infertility, history of 
cryptorchidism, history of accessory gland infection, semen analyses, date of the vari
cocele ligation, testicular volume, and the result of scrotal CDU. 

The effect of surgery on total sperm count was assessed with a linear regression 
model with random coefficients (SAS program Proc Mixed). In the model, the effect 
of surgery was represented by a surgery indicator variable being zero for semen ana
lyses before the operation, and being one for semen analyses after the operation. To 
account for dependency introduced by the fact that each patient had two or more 
measurements, model intercept and the regression coefficient of surgery were assu
med to be random and possibly correlated (the correlation representing the associ
ation between pre-surgery sperm count or motility level and the surgery effect). To 
obtain a normally distributed dependent variable, sperm count was logarithmically 
transformed. Since absolute increases in means on the logarithmic scale correspond 
to relative increases in the median on the original scale, the results for sperm count 
are expressed using medians. To investigate whether a factor (e.g., CV vs. SV) modi
fied the surgery effect, the factor and its interaction with the surgery indicator varia
ble were added to the model. 

90 



Chapter 6 

The effect of surgery on motility was assessed analogously. Because no normali

sing transformation could be found, sperm motility was used untransformed in the 

regression analysis. To account for the non-normal distribution of motility, the stan

dard errors of the regression coefficients were estimated robustly, i.e. without using 

the normality and homoscedasticity assumption [14]. 

Differences in means between groups were tested with the independent-samp

les t-test, and differences in percentages with the X2 method. Means are presented 

with standard errors. Two-sided P values < 0.05 were considered significant, and sta

tistical analyses were carried out using the SAS System 6.12 for Windows statistical 

software package. 

Results 

Effect of varicocelectomy on the total sperm count 

Treatment of the varicocele resulted in a statistically significant increase in the 

median total sperm count (P < 0.001, Table 2). The positive relative effect of surge

ry on the number of spermatozoa in the ejaculate was not significantly different for 

CV and SV. The median sperm count and mean progressive motility were higher in 

CV than in SV (P < 0.05). There was a statistically significant interaction between total 

testicular volume and the effect of surgery on the total sperm count, irrespective of 

the varicocele size (P < 0.001); this amounted to a 2.5% higher sperm count for each 

extra 1 ml total testicular volume. Subjects with history of cryptorchidism had a lower 

initial sperm count (4.6 million/ejaculate) which was ~ 30% of that found in other 

patients (17.2 million/ejaculate; P < 0.001), but the relative increase in total sperm 

count was not statistically different compared with other varicocele patients. Duration 

of infertility, age at surgery, primary/secondary infertility, accessory gland infection 

and antibody-coated spermatozoa had no association with improvement in sperm 

count. In 28% of the cases, no improvement in total sperm count was observed. The 
sperm count before varicocele surgery was not correlated with the improvement of 

sperm count postsurgery (r = -0.21, P = 0.11). 
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Effect of the varicocelectomy on progressive sperm motility 

Varicocele treatment significantly increased the progressive sperm motility (P < 
0.001, Table 2). In SV, the improvement in sperm motility was larger than in CV (P < 
0.05). Basal sperm motility was lower in SV vs. CV (P < 0.05). Duration of infertility, 
age at surgery, primary/secondary infertility, accessory gland infection, bilateral testi
cular volume and antibody-coated spermatozoa were not correlated with the impro
vement in sperm motility. Patients with a history of cryptorchidism had a significant
ly lower progressive sperm motility prior to surgery (7%) when compared with other 
varicoceles (23%), and the effect of surgery on motility was negligible. In 31% of 
cases, no improvement in progressive motility was observed. The percentage of pro
gressive motility before surgery was not correlated with the magnitude of the impro
vement of motility following varicocelectomy (r = -0.20, P> 0.1). 

Table 2, Mean semen parameters (95% confidence interval) before and after varicocele liga

tion in all patients and clinical/subclinical varicocele subgroups 

All 

Subclinical 
Clinicalc 

~p < 0.001, 

bp < 0.05, 

cp< 0.05, 

n Median total sperm count (106/ejacul.)a Mean sperm motility (O/a)a 

before after before after 

139 13.9 (11.0-17.7) 21.2 (16.6-27.0) 21 (18-23) 25 (22-28) 

73 10.0 (7.8 - 14.2) 14.7 (10.2-21.0) 16 (13-19) 23" (19-27) 

66 18.2 (12.8-24.8) 28.6 (20,7-39.4) 24 (20-28) 27 (22-30) 

before versus after varicocele ligation in all patients 

greater motility improvement in subclinical versus clinical varicocele 

higher basal total sperm (ount and progressive motility in clinical varicocele 

versus subclinical varicocele. 
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Discussion 

Our finding that varicocelectomy improves sperm counts and motility is in agre
ment with the majority of reports. Mordel et al.[2J reviewed 38 varicocele studies that 
reported the percentage of patients with improvement in sperm parameters (range 0-
92%). Overall, an improvement in semen parameters was seen in 57% of the total of 
4,654 patients in these studies, calculated as weighed mean. In only three of these stu
dies was no increase of sperm characteristics reported, However, most of the reviewed 
studies did not include untreated control groups. In two more recent randomised con
trolled studies, no alteration of sperm parameters was observed in the control groups 
during 1 year of follow-up, whereas the total sperm count improved significantly in tre
ated patients [3,4J. Improvement in sperm motility is not a consistent result of varico
cele surgery, and was only statistically significant in one of these two studies [3J. 

There is a large variation in the magnitude of the effects of varicocelectomy on 
semen parameters between studies (reviewed by Schlesinger et 01.[15]). This variation 
has been attributed to differences in size of the varicocele, baseline semen quality, 
duration of infertility, testicular volume and the reliability of diagnostic and therapeu
tic methods, among other possibilities [1]. 

We found a positive correlation between initial testicular volume and the impro
vement in sperm count, whereas a history of cryptorchidism gave a significantly smal
ler increase of sperm motility. From the regression equation, a nullifying effect of small 
testis size on improvement of sperm count was calculated at a total bilateral volume 
of smaller than 12 mL, which was present in only one patient of our study population 
(with testicles of 5 mL on both sides). A smaller testicular volume may indicate more 
progressive or additional testicular pathology, which does not respond to surgery. This 
may also explain the lack of improvement in sperm motility following varicocele treat
ment in the subpopulation with a history of cryptorchidism. Age of the man, duration 
of infertility and sperm count and motility before surgery were no significant indicators 
for the benefit of varicocelectomy in our population. 

A reason that has been postulated for differences in treatment outcome, is varian
ce in the size of the varicocele between study populations. Both in SV and CV, testi
cular atrophy has been observed [16J. Several authors reported equal semen impro
vements in SV vs. CV following surgery, or reported a slightly higher improvement in 
SV [10, 17-20J. A greater increase in semen quality in CV compared with SV was noted 
by Tinga et 01.[21], Bsat and Masabni[22J and Jarow et 01.[23J. Our results are in line 
with the argument that ligation of both SV and CV is effective in terms of improvement 
in spermatogenesis. We found significant improvement of the sperm count, irrespecti
ve of the grade of the varicocele, and a significantly larger increase in progressive 
sperm motility in SV. 
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A comparison of SV and CV is difficult as the cv diagnosis is based on palpation, 

which is less objective and more prone to errors than is ultrasonography, for exam

ple. The accuracy of detection of varicoceles by physical examination has been shown 

to be correlated with the experience and expertise of the physician [24J. The repor

ted false positive rate of palpation compared with venography varies from 24 to 67% 

[7,1O,25,26J, and was only 5% in one study [27J. Since palpation is not a very accu

rate screening method, we suggest to routine performance of CDU, which may find 

additional pathology (e.g. spermatocele, testicular tumours; Nashan et 01. [28]) and 

can measure testicular volume accurately [29J. Instead of grading the varicocele as 

SV or CV (I-III), grading could be based on vein diameters or reflux measured with 

CDU. The diagnosis varicocele on the bases of CDU had been compared with veno

graphy by others. A good sensitivity and specificity of 90-98% for CDU was found 

[7,1 0,30J. Venography, however, may also produce false results [31 ,32J. 

In conclusion, we studied a large group 01 SV detected by routine colour Doppler 

ultrasonography, and a group of CV. Both were treated effectively in terms of semen 

improvement. We reason that as long as treatment of CV is accepted as an effective 

treatment of subfertility, the treatment of SV in infertile men with subnormal semen 

parameters is equally legitimate. Colour Doppler ultrasonography seems to be a 

good method for screening for varicoceles in infertile men, that can be treated effec

tively. 
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Chapter 7 

Research objectives 

This research was initiated to improve our insight in the frequency of causal fac
tors underlying male infertility, and in the value of diagnostic and therapeutic proce
dures. As described in Chapter 1, evaluation of andrological treatments requires large 
patient populations, which can only be achieved by prolonged single centre studies 
or multicentre research. Therefore, a standardised patient assessment and structured 
reporting is especially important in the field of andrology. We studied the value of 
structured data collection during a thorough and standard routine assessment of 
male infertility for the evaluation of andrological care. Such data collection could 
result in valuable data for clinical research and other purposes, on condition that the 
validity of the data is warranted. This chapter is drawn up of sections discussing the 
achievements per research objective. The objectives were: 

to investigate the feasibility of an information system for flexible access to inte
grated and structured andrological patient data 

to evaluate andrological care by: 
- exploring andrological patient data 
- charting of treatment options for our population of infertile men 
- evaluation of diagnostic procedures and treatments 

to assess the value of a standardised approach for both clinical research and 
patient care, 

Feasibility of a research information system for andrological data 

In various centres, a wealth of-clinical data is generated concomitant with the use 
of information systems for routine collection of patient data. In several publications, 
a varied utilisation of electronic repositories of patient data has been suggested [1-
4]. Advanced information systems may provide additional functionality. For instance, 
modern systems are used for critiquing, decision support, automatic reminders, post~ 
marketing surveillance of drugs, quality assurance, medical audit, etc. The high expec
tations of electronic data collection may, however, be disturbed by limitations of the 
data and data systems. Problems with the data, such as difficulty to access and inte
grate data, existence of ambiguous data, and therefore time-consuming data hand
ling, were reported by us (Chapter 2) and others [5,6]. Causes for these imperfecti
ons were technical restraints and unsuitable data structures. 
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A computer-based patient record (CPR) is primarily intended for data entry and 
data access to support individual patient care. The use of the record for epidemiolo
gical or clinical research imposed other requirements on the structure of the CPR. It 
is a challenge to develop a CPR that is suitable for this purpose, but which is still 
intuitive, simple and fast in the support of patient care. The 'Committee on Improving 
the Patient Record' of the Institute of Medicine, National Academy of Medicine, USA 
[1] has addressed the value of CPRs and has, at the same time, provided require
ments for the development of modern CPRs. 

The ORCA CPR has been developed as an advanced model for integrated data 
collection, providing a general core structure to permit exchanging and sharing of 
data, at the same time offering sufficient detail for different specialties [7]. Chapter 2 
described the implementation of an ORCA subrecord for andrology. Although a large 
amount of clinical data on the patients of the Andrology outpatient clinic (University 
Hospital Dijkzigt-Rotterdam) was available initially, lack of simple access and an inap
propriate data structure have hampered clinical research. The steps for the transfer of 
the existing data into ORCA were (1) the design of a normalised database, covering 
existing and additional data items, and allowing explicit representation of formerly 
implicit data; (2) correction of contents where possible; (3) conversion of the sepa
rate sources to one new structure, 

It appeared in our study that all data available from various sources could be inte
grated by the ORCA model. The ORCA model was suitable for transparent integration 
of both existing data and data to be collected prospectively. The one-to-one rela
tionship between medical meaning and database representation in the ORCA model 
reduced the risk of data misinterpretation. The problems with the original andrologi
cal data sources have been abstracted to general impediments for data conversion 
and integration. For our situation, the problems have been overcome successfully. To 
fully exploit the potential of an advanced CPR, data entry should be directly through 
its user interface. The inventory of problems and appropriate solutions can guide the 
transition of existing data to ORCA in other medical domains. Hopefully, CPR deve
lopers may accommodate a data structure that prevents the problems that we 
encountered. 

Exploring andrological data 

At the start of this project, no clear picture was available concerning the frequen
cy of abnormalities associated with infertility in the population of infertile men seen 
at the Andrology outpatient clinic, although patient data had been collected in a 
structured manner for several years. The semantic integration of andrological data in 
ORCA made the data suitable for analysis. The extent of the data enabled numerous 
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patient searches and selections, 
As a first evaluation, the andrological data were explored in a more general man

ner (Chapter 3), Three diagnostic and therapeutic modalities were evaluated separa
tely in more detail (Chapters 4, 5 and 6), as discussed below, The potential of explo
ring the data is illustrated by the assessment of the prevalence of abnormalities and 
diagnoses, study of associations between clinical findings, and comparison of sub
groups, An example is the distinct serum FSH levels in diagnostic subgroups of infer
tile men (Chapter 3, Fig,S) implying different aetiologies, and underscoring the pro
position that male infertility cannot be described by semen analysis alone, 
Exploration of andrological data gives insight in the population, and feedback on rou
tine clinical practice, In addition, findings described in the andrologicalliterature can 
be subjected to a critical revaluation with institutional data, 

The new data structure facilitated criteria-based selection of data for the assign
ment of diagnoses according to World Health Organisation (WHO) classification 
rules, With the standard evaluation defined by the WHO, causes for the semen abnor
malities were identified in 52% of our patients, With ancillary diagnostic methods -
scrotal ultrasonography and serum hormone assays - this percentage increased to 
66%, The proportion of men with no identified cause is, however, still high, and 
should be further reduced, This reduction may be achieved by advanced semen 
testing [8] and genetic screening, The number of identified genetic anomalies asso
ciated with infertility is rapidly increasing [9], In our clinic, the three most common 
genetic abnormalities associated with male infertility (i,e" mutations in the cystic 
fybrosis transmembrane conductance regulator gene, Y chromosome microdeletions, 
and other chromosomal abnormalities) were present in 26% of 58 men with severe 
oligozoospermia or azoospermia [10], 

Routinely collected data have become available for multiple purposes, Apart from 
the evaluation of andrological data described in this thesis, data are used for case fin
ding and selection of patients for clinical studies, In the preparation of research pro
tocols, consultation of existing data may provide an estimate of the expected diffe
rence between groups, treatments, or performance of diagnostic methods. 
Retrospective data can also indicate the number of inclusions to be expected per 
time period, Both are important to study the feasibility of prospective studies by 
means of a power analysis, 

Treatment options for this population 
The standardised evaluation developed by the WHO is aimed at arriving at dia

gnoses that support the most appropriate treatment choice, We could identify a 
cause for infertility in 66% of our patients, A condition for which a rational androlo-
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gical treatment is available was diagnosed in 30% of the males (Chapter 3). IVF and 
IC51 were not included as andrological treatments, as will be described below. For 
other diagnoses, treatments have been described, but results are contradictory and 
inconclusive. In 34% of the men, infertility was idiopathic. The Cochrane 
Collaboration has laid bare a lack of good evidence for empirical treatment of idio
pathic infertility, and concluded: 'The number and quality of randomised studies in 

male infertility are insufficient to allow firm conclusions" [11]. Apparently, some tre
atments are valuable for subgroups of men with idiopathic semen abnormalities. The 
reasons for the differences between responsive and nOll-responsive patients are 
poorly understood. The clue to better therapy may lie in better understanding of basic 
pathophysiological principles, permitting causal interpretation of clinical findings. 

The use of anti·oestrogens for treatment of idiopathic male infertility has not pro
ven effective in a meta-analysis by the Cochrane Collaboration, although the benefi
cial effect was bordering on significance [12]. Feedback of androgens at the hypot
halamic and pituitary level is partially mediated by oestrogens, derived from andro
gens. The rationale for treatment of male infertility with anti-oestrogens is based on 
counteracting the normal negative feedback on the hypothalamus-pituitary-testis axis 
by oestrogens. The resulting increase in F5H and LH secretion, and subsequently 
testosterone, may stimulate spermatogenesis [13]. The studies in the meta-analysis 
used anti"oestrogens in patients without obvious signs of increased oestrogenic fe
dback. We have found that 5% of our patients with idiopathic infertility according to 
the WHO diagnostic classification has combined subnormal serum concentrations of 
F5H and LH. These symptoms may indicate suppression at the hypothalamic and pit
uitary level by oestrogenic activity. These patients were not classified as having an 
'endocrine cause', since their serum testosterone level was not evidently suppressed, 
It might well be that this subgroup would show a beneficial effect of treatment with 
anti·oestrogens, for trying to improve their fertility. Another example of a subgroup 
which may benefit from treatment is the group of idiopathic infertile men with mild 
hypospermatogenesis based on testicular biopsies, in which exogenous F5H stimu
lated spermatogenesis, whereas men with maturation arrest did not respond to this 
treatment [14]. 

An obstacle in evaluating andrological treatments is the multifactorial nature of 
male infertility, where treatments are in general directed at only one cause. Apart 
from aberrant classical semen parameters, other aspects of natural conception, such 
as timing of coitus, and the ability of sperm to traverse the cervical mucus, undergo 
the acrosome reaction, and bind and fuse with the oocyte, may be suboptimal. 
Evidently, female factors also playa role. Evaluation of assisted reproduction techno
logy (ART) is less complicated, since many natural boundaries are circumvented, con-
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trolled, and optimised. Furthermore, the pregnancy rates with ART is higher, and the
refore require lower numbers of patients to confirm a treatment effect. 

In this thesis, ART is not classified as rational andrological treatment, but rather 
as palliative treatment of male factor infertility, since the symptom of poor sperm 
quality is treated, and not the underlying cause. Nevertheless, ART is effective in indu
cing pregnancy. A delivery rate per cycle of 15-17% has been reported for intracyto
plasmic sperm injection (1(51) [15J, and the cumulative delivery rate after several 
cycles is about 50% [16J. The relatively high ongoing pregnancy rates with ART 
should not restrain us from careful investigation of the cause of poor semen quality_ 
We have shown that in a proportion of men a treatable condition is found. These tre
atments may have a lower pregnancy rate per cycle, but the beneficial treatment 
effect is not confined to, for example, the three IVF cycles remunerated by most 
health insurance companies in the Netherlands. Some underlying causes require tre
atment, regardless of the infertility treatment, and should not be missed (e.g., testi
cular tumours and hypogonadism in 1/196 and 1/33 men, respectively, in our clinic). 
Also for ART, patient characteristics may be useful to predict successful treatment. 

Understanding of male infertility is of critical importance in the application of 1(51, 
since it may have a genetic transmissible cause. In men with oligozoospermia or 

azoospermia a higher than normal frequency of 30% genetic disorders has been sug
gested [17J. Especially the genetic risk associated with ART requires careful examina
tion of both the man and the woman, to detect hereditary diseases. ART bypasses 
the effective biological mechanisms of sperm selection [18,19J. Not only may gene 
defects involved in male infertility be transmitted, also gene defects underlying inhe
ritable systemic diseases manifesting with infertility may be passed on to the off
spring. Otherwise sterile patients with cystic fibrosis gene mutations leading to con
genital absence of the vas deferens, Y chromosome microdeletions leading to sper
matogenic impairment, and other karyotype abnormalities can reproduce through 
1(51 [20-24J. A higher incidence of chromosomal abnormalities has been detected 
among 1(51 babies [25,26J. Apart from genetic risks, ART carries a higher risk of mul
tiple pregnancy, reduced birth weight and associated risks. For example, an increa
sed risk of hypospadias and cryptorchidism has been suggested in association with 
low birth weight and IVF [27,28J. 

The recognition of potential genetic risks has raised the interest in basic research 
on spermatogenesis and its genetic regUlation. The number of identified genetic 
abnormalities associated with male infertility is rapidly increasing, which may shed 
more light on the complex genetic regulation of spermatogenesis. Studies on mice 
with gene mutations or gene knockouts and impaired fertility have identified many 
genes involved in spermatogenesis [29,30J. An overview of common genetic defects 
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associated with infertility in the human is given by several authors [9,31,32]. 

Genetic testing and counselling is important before ICSI is employed [17,33-35] 

and, where possible, a rational treatment improving spontaneous pregnancy rate 

should be used as first line approach. These treatments are generally cheaper, with 

a lasting effect, and may therefore be more cost-effective [36,37]. Classical androlo

gical treatment may improve sperm quality and enable the choice of a less invasive 

ART in the further treatment of the couple. 

Evaluation of diagnostic procedures 

Two ancillary diagnostic modalities in the work-up of male infertility patients -

serum inhibin B measurements and scrotal colour Doppler ultrasound (CDU) - were 

assessed in more detail. 

Serum inhibin B measurements in infertile patients 
The existence of inhibin, a testicular suppressor of FSH secretion, was first postula

ted in 1932 ]38]. Later investigations suggested the Sertoli cell as the primary origin of 

inhibin in the male [39,40]. These observations led to the theory that (1) inhibin is the 

primary feedback signal for pituitary FSH secretion, and (2) inhibin is a marker of 

Sertoli cell function and spermatogenesis. These hypotheses were, however, not con
sistently confirmed with the inhibin radioimmunoassay (RIA) [41,42]. Since specific 

ELiSAs for bioactive inhibins recently became available ]43], the inhibin concept is 

being reinvestigated. 

We found a strong negative correlation between serum FSH and inhibin B levels, 

confirming the negative feedback effect of inhibin 8 on FSH secretion (Chapter 4). This 

is a consistent finding in the recent literature [44-46]. We confirmed the postulated 

capacity of inhibin 8 to express the quality of spermatogenesis. We demonstrated a 

strong positive association between the serum inhibin 8 level and the spermatogenic 

status of the seminiferous tubules, assessed in testicular biopsies. Earlier studies on 

inhibin subunit mRNA expression in the germinal epithelium already suggested that 

inhibin production is stimulated by late phases in spermatogenesis in the rat [47-49]. 

Furthermore, we observed that serum inhibin 8 was correlated with total testicular 

volume, sperm concentration and total sperm count, consistent with recent publica
tions [50-52]. The correlation of these indicators of spermatogenesis with inhibin B 

was stronger than with FSH. We have shown that inhibin B measurements may help 

in differentiating between obstructive and secretory azoospermia, and concluded that 

inhibin 8 is the best of the known endocrine markers of spermatogenesis. 

After publication of Chapter 4, reports by others have supported our findings, and 

provided additional data confirming the value of inhibin 8 as marker of spermatoge-
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nesis. Inhibin B seems to be secreted not directly in response to pituitary FSH, but only 
when late phases of spermatogenesis are present. Recently, a study suggested that 
inhibin B was produced by Sertoli cells in association with germ cells from the pachy
tene spermatocyte to early spermatid phase [53J. Another study revealed a positive 
correlation between serum inhibin B levels and intratesticular spermatid numbers [54J. 

The close correlation between effective spermatogenesis and serum inhibin B was 
illustrated by the parallel gradual decrease of sperm count and serum inhibin 8 levels 
during treatment with testosterone-enanthate, whereas serum FSH and LH levels had 
already collapsed much earlier [45J. Similarly, after discontinuing exogenous testoste
rone administration, FSH and LH levels were already restored to normal when inhibin 
8 levels and sperm concentration were still recuperating, at equal pace. 

Inhibin B levels may be useful as marker of prepubertal seminiferous tubule func
tion [55J. Before puberty, inhibin B can be produced by Sertoli cells in the absence of 
germinal cells [53,56J, and the serum inhibin B level may reflect the Sertoli cell num
ber. In prepubertal rats, Sertoli cell multiplication and increasing inhibin B levels coin
cide. Experimental reduction and increase of Sertoli cell numbers corresponded with 
lower and higher serum inhibin B levels, respectively [57J. Decreased serum inhibin 
levels were detected in young cryptorchid boys with the less specific RIA for inhibin 
[58J. A different clinical application of inhibin B estimation in men would involve its 
use as a serum marker for Sertoli cell tumours, which are quite rare [59·61 J. 

Serum in hi bin B may prove an important outcome measure in studies on male fer
tility, and may provide important prognostic information. Semen analysis is subject to 
a large intraindividual variability [62J, has many biases and confounders [63,64J, and 
semen samples may be difficult to obtain. Serum inhibin B measurement seems more 
practical for population studies investigating the quality of spermatogenesis than 
semen analysis or the invasive testicular biopsy procedure. Inhibin B may prove to be 
a more sensitive marker for spermatogenesis than semen analysis. 

In cases with azoospermia, sperm used for the I(SI procedure may be retrieved 
from a testicular biopsy (TESE: testicular sperm extraction) [65J. Serum FSH level and 
testicular volume are inaccurate predictors of successful TESE. The visualisation of sper
matids in a diagnostic testicular biopsy is the best predictor of successful therapeutic 
TESE [66,67J. Since the serum inhibin B level appears to be correlated with the pre
sence of sperm at ids in the seminiferous epithelium, it may provide a complementary, 
less invasive predictor of successful testicular sperm extraction. Recently, it was shown 
that serum inhibin 8 in combination with serum FSH measurement gave the best pre
diction of the presence of elongated spermatids in testis histology. However, the pre
diction of successful retrieval of sperm from the biopsies by TESE was not very accura
te [68J. 
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Scrotal colour Doppler ultrasonography 
In Chapter 5 the value of routine scrotal CDU in male infertility patients has been 

described, Reports on scrotal CDU procedures in 1,372 infertile men were reviewed, 
The high incidence of 38% scrotal abnormalities, of which 67% were not palpable, 
underlines its diagnostic value, According to the WHO diagnostic classification [69J, 
48% (659/1,372) of the patients had idiopathic oligo-, astheno-, terato- or azoos
permia, In 29% of these patients (191/659), a scrotal abnormality was detected with 
additional CDU, Based on the finding of testicular tumour and varicocele as possible 
determinants for abnormal semen parameters, the percentage of idiopathic semen 
abnormalities was reduced from 48 to 38%, In the WHO manual, varicocele and 
testicular tumours are described as two underlying causes of infertility [69J, Less is 
known on the clinical significance of testicular cysts, epididymal cysts and testicular 
microlithiasis, it would be worthwhile to study a control population of fertile men, for 
comparison of the prevalence of scrotal abnormalities, and to define reference valu
es of normality (e,g" for testicular volume, testicular heterogeneity, epididymis size, 
and venous diameter and reflux in the pampiniform plexus), 

The most striking finding in our study group was the presence of a testicular 
tumour in seven patients (circa 1/200); of seven tumours, only one was expected on 
the basis of physical examination, The rate of testicular tumours in our infertile popu
lation is higher than that reported for the general popUlation, The reported increase 
in the incidence of testicular tumours in the general population is associated with an 
increase in other disorders of the reproductive tract, such as infertility, incidence of 
cryptorchidism and hypospadias, and decreased testicular volume [70-73J, We con
clude that routine ultrasound screening of the scrotal organs in infertile males, a 
high-risk group for testicular tumours, may be warranted, The cost-effectiveness of 
screening for scrotal pathology (e,g" varicocele and testicular tumours) should be 
studied, 

The most frequent finding was varicocele in 30% of the cases, of which only 40% 
was also palpable, The low sensitivity of palpation (40%) is in accordance with other 
reports [74J, which emphasises that many varicoceles in the infertile population are 
undetected, The accuracy of palpation is disputed since a low inter-observer agre
ment and low specificity have been reported, Two experienced urologists agreed on 
the criteria for varicocele palpation and examined 134 men, They independently 
reported 19 and 32% clinical varicoceles, respectively, in the same men [75J, A low 
specificity of 33-76% has been reported [76-80J, Only Comhaire et 01, reported a spe
cificity of 95% [81], which is comparable to the specificity of 91% that we also report. 
The low accuracy of palpation makes it a poor screening method for varicocele, and 
grading into subclinical and clinical varicocele on the basis of clinical examination 
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appears inappropriate. The positive predictive value of 66% in our study illustrates 
that 34% of positive palpations are not even subclinical. CDU is a more accurate and 
objective screening method, and allows grading on the basis of venous diameter and 
reflux characteristics. 

There is no gold standard to study the accuracy of CDU. Venography has gained 
acceptance as standard method to register retrograde flow in the spermatic venous 
system. Nevertheless, different procedures and criteria have been described for veno
graphy, which may also give false diagnoses [82]. Direct comparisons of CDU with 
venography reported a correspondence rate of 63 up to 98% [77,78,83,84]. These 
diverging results may be explained by a lack of standardisation of procedures and cri
teria for venography and CDU. We reviewed studies using venography and (Doppler) 
ultrasound for varicocele diagnosis, and observed notable differences in materials 
and methods [77,78,83-102]. Different procedures (supine, standing and sitting 
postures, employment of Valsalva manoeuvre), different criteria (for direction, rever
sal, and duration of flow, and for the diameter of veins in the pampiniform plexus), 
and dissimilar equipment (e.g., different frequency reach of echotransducers) were 
used. Using strict criteria, a sensitivity of 97% with a 940;0 specificity was reported for 
CDU compared with venography [77]. In this light, standardisation of the scrotal CDU 
procedure and accompanying criteria is important. A manner to evaluate diagnostic 
methods and to define criteria in the absence of a gold standard, is basing the crite
ria on the effect of varicocele repair on improvement of sperm quality, scrotal tem
perature [103], or serum inhibin B level. For example, Jarow ef 01. defined as cut-off 
level a venous diameter of greater than 3 mm, which predicted a positive outcome 
in terms of semen improvement [88]. 

Prospectively, scrotal CDU should include measurement of testicular volume, 
since this gives a more accurate estimation of testicular volume compared with cli
nical measurements [104-106]. 

Evaluation of varicocele treatment 
We found increased sperm counts and motility after ligation of the varicoceles 

diagnosed with scrotal CDU, whether palpable or not (Chapter 6). There was no sig
nificant spontaneous change in sperm concentration or motility in the period prior to 
ligation. Varicocele ligation was less effective in men with small testicles or a history 
of cryptorchidism. In 44% of men with less than 1 million sperm per ejaculate pre
surgery, improvement to above this threshold for IC51 was achieved. Varicocele liga
tion may therefore allow a less invasive ART in the further treatment of the couple. 
Others have also reported semen improvement after ligation of varicoceles diagno
sed with scrotal ultrasound or Doppler examination [88,94,107]. A smaller effect of 
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varicocele treatment in men with a history of cryptorchidism or small testicles has 
also been reported in terms of a smaller probability of conception compared with 
other subgroups [108]. 

Improvement of semen parameters is a consistent finding in most studies On tre~ 

atment of both clinical and subclinical varicocele (as reviewed by Schlesinger et 01. 
[36] and Marsman et 01. [109]). This finding was confirmed by randomised control
led trials [110-113]. Nevertheless, the results of the randomised trials are contradic
tory and inconclusive with respect to the effect on spontaneous pregnancy rates. 
Unfortunately, data on pregnancy and confounding female factors were incomplete 
for our study population. 

The differences in diagnostic procedures and criteria may, in part, explain the 
varying results of varicocele treatment between studies. Especially the low specificity 
of palpation may result in a high rate of false-positive clinical varicoceles, for which 
no treatment effect may be expected. This may also explain some of the variance bet
ween centres in the reported prevalence of clinical varicocele. In large series of sub
fertile men (>1,000 men), prevalences of 12 to 39% have been reported [1l4-118]. 
Because the result of palpation was not confirmed with a reference method, the true 
prevalence of clinical varicocele in these series is unknown. 

Apart from differences in diagnostic procedures (summarised above in the secti
on on Scrotal colour Doppler ultrasonography), the selection of patients, duration of 
follow-up, treatment modality, and investigation of the female partner may also dif
fer. Several studies present exclusion criteria based on semen parameters, serum FSH 
level, age of the female partner, testicular volume, and difference between affected 
and contralateral testicular volume. Before continuing research on varicocele, we 
should, ideally, aim at a consensus on the definition of varicocele, and standardisa
tion of diagnostic procedures. 

Value of a standardised approach for clinicol research and patient core 
A thorough assessment of treatments and diagnostic techniques is one of the 

means to improve andrological care. Assessment of patient care requires the collec
tion of reliable, complete and structured data. Whereas the prospective randomised 
controlled trial is often the optimal design for evaluation of treatments, the necessa
ry resources are limited. For such studies, protocols and case record forms are used 
to promote complete and reliable data. Since the use of computerised structured 
data collection is becoming more widespread, the potential of data collected routi
nely, outside the framework of a specific trial, is increasing. 

At the Andrology outpatient clinic, electronic forms for structured data entry have 
supported complete and concise collection of data. Clinical data were entered direct-
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Iy into the information systems by physicians during patient encounters, which pre
vents the errors which may occur when written data are entered off-line, The restruc
turing of initial data sources by the ORCA model has resulted in structured data, 
Although routine patient care may not primarily be seen as a potential source for 
research, routine data collection may result in data repositories with great value, for 
versatile purposes, Chapters 3, 5 and 6 demonstrated the value of these data for 
retrospective analysis. 

Also prospective research is much facilitated by a structured and standardised 
data coffection, as was shown by the evaluation of the significance of serum inhibin 
B determination in infertile men (Chapter 4), The value of this hormone as a marker 
for spermatogenesis could be studied easily, since all data for the research question 
were already gathered routinely, The only extra effort was the request of the in hi bin 
B assay by the physician, and adding the codes for the new inhibin B assay to our 
information system. 

A well-designed data set and collection of data in a structured CPR may decrea
se the gap between retrospective and prospective research, since retrospective rese
arch does not necessarily require laborious review of paper medical records, 
Furthermore, prospective trials may be easier to organise, since data are already col
lected in a structured manner, Evidently, the absence or lack of a proper control 
group remains a major drawback in retrospective studies, The electronic collection of 
patient data required a definition of the data set, investments in time to develop and 
get acquainted with the system, and disciplined use of structured data entry, The cur
rent results are a reward for these initial investments. 

Although every standard has its imperfections, the strength of using a standard is 
comparability of the diagnoses, and the procedures leading to these diagnoses, The 
diagnostic classification is not exhaustive, but a more detailed diagnosis, for instan
ce on the basis of advanced sperm function testing, can be described as a more spe
cific subgroup of a standard WHO diagnosis, 

Clinical studies in infertility medicine may require large numbers of patients that 
only can be recruited in multicentre studies within a reasonable time span, 
Conscientious use of a common data set would facilitate pooling of data and multi
centre research. 
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Conclusions 

The consistent use of a standard protocol for the examination of infertile men has 
resulted in a uniform patient approach. Collection of clinical data in a structured fas
hion led to a complete set of data on a large andrological population. The ORCA 
model proved suitable for semantic integration of separate existing databases. The 
transition to the ORCA structure solved ambiguity, redundancy and inconsistency in 
the original data. 

The remodelled data were available and valuable for multiple purposes. General 
exploration of the data provided insight in the andrological population, and feedback 
on patient care. Three important questions were answered: (1) what is the preva
lence of abnormalities and diagnoses, (2) for which proportion of patients is an and
rological treatment available, and (3) what is the value of diagnostic procedures and 
treatments. Structured data collection provides an infrastructure for retrospective and 
prospective research. 

Serum in hi bin B estimation is the best of the known endocrine markers of sperma
togenesis, and may have a role in the future andrological diagnostic and prognostic 
work-up. 

Colour Doppler ultrasonography is the method of choice for varicocele screening. 
Varicoceles detected in this manner were treated effectively in terms of improved 
sperm count and sperm motility. A surplus value of scrotal ultrasound is the accura
te estimation of testicular volume, and detection of other existing pathology, especi
ally testicular tumours. 

A standardised examination and reporting of male infertility is important (1) for accu
rate diagnoses, (2) for optimal treatment, (3) to identify subgroups with a rationale 
for treatment, and (4) for assessment of diagnostic procedures and therapy. 
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Summary 

It is estimated that about 15% of couples experience infertility during their repro
ductive life, while attempting to conceive. In about half of these couples, a male fac
tor is responsible for the infertility, whether or not combined with a female factor. The 
medical field of andrology, dealing with male reproductive health and dysfunction, is 
relatively young. The cause of male infertility is frequently unknown and many dia
gnostic procedures and treatment modalities have not been evaluated in a thorough 
manner. Andrology should be further developed by increased understanding of infer
tility, assessment of existing diagnostics and therapies, and by development of new 
diagnostic and treatments methods. Such research requires complete, valid, unambi
guous and structured data. Medical information systems can support structured col
lection and scientific analysis of patient data. In our Andrology Outpatient Clinic 
(University Hospital Dijkzigt-Rotterdam), patient data have been collected in a struc
tured manner for more than 10 years, which implies a wealth of data for clinical rese
arch. 

The aims of the current thesis were (1) to study the value of standardised exami
nation and structured reporting of male infertility patients, and (2) to evaluate dia
gnostic procedures and treatment methods in andrology. The first chapter introduces 
the background and motivation for the present study, the aims and objectives, and 
our approach in addressing these aims. 

We commenced with the development of a research information system for and
rological data (described in Chapter 2). In the past decade, data were collected in 
separate electronic databases in different systems. The content of the data sources 
was analysed. Several barriers for research with the data were exposed. Some medi
cal items were ambiguous, the existence of invalid data was revealed, and several 
items were redundant. We have categorised the problems with existing data, and des
cribed solutions that may be generally applicable for these problems. The Open 
Record for CAre (ORCA) is a computer-based patient record, which promotes accura
te and structured data collection. For our andrology clinic, the data were validated and 
integrated, and restructured according to the ORCA model. All existing data could be 
transferred to the ORCA model and a 1:1 relationship between medical meaning and 
database representation was attained. The resulting research information system was 
used to further address our objectives, as described in the subsequent chapters. 

In Chapter 3, a general overview of the andrological popUlation is presented. The 
prevalence of WHO diagnoses for male infertility is given and treatment options were 
inventoried. A cause for infertility was identified in 52% of the study population on 
the basis of the WHO diagnostic guidelines alone. This percentage was increased to 
66% by employing advanced diagnostic methods. The evaluation of additional dia
gnostic methods was addressed separately in the following chapters. The exploration 
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of diagnoses, diagnostic procedures and treatment options illustrates the value of a 
structured, standardised assessment of male infertility, 

Chapter 4 describes a study on the value of the serum inhibin B level as a marker 
of spermatogenesis, Recently, specific assays for bioactive serum inhibins were intro
duced, With these assays, we confirmed the suggested role of inhibin B as primary 
testicular feedback signal for pituitary FSH (follicle-stimulating hormone) secretion, 
and as sensitive marker for spermatogenesis. We demonstrated a strong correlation 
between the serum inhibin B level and the status of the spermatogenetic epithelium 
in testicular biopsies. Discrimination of competent and incompetent spermatogenesis 
was better with inhibin B than with serum FSH, We conclude that the serum inhibin 
B level is the best of the known endocrine markers of spermatogenesis, 

The diagnostic significance of colour Doppler ultrasonography examination of the 
scrotal contents is described in Chapter 5, In 38% of 1,372 infertile men, scrotal 
abnormalities associated with infertility were detected, Only 33% of the abnormali
ties detected during ultrasonography were uncovered by clinical palpation, In this 
study population, the percentage of men with idiopathic infertility was reduced from 
48 to 38% on the basis of testicular tumours and varicocele detected with Doppler 
Ultrasonography, The most striking finding was a testicular tumour in 7 of the 1,372 
men (i.e" approximately 1/200); only one of these tumours was palpable_ Infertile 
men have been suggested to be at risk for testicular tumours, and routine scrotal 
colour Doppler ultrasonography appears amenable in this group of men, The most 
frequent finding was varicocele/ in circa 30% of the cases. The accuracy of varicoce
le palpation is questioned, since 34% of palpable varicoceles were false positive, We 
state that varicocele palpation is not an appropriate screening tool for varicocele, 
Scrotal colour Doppler ultrasonography is more objective and accurate for detection 
of varicocele, Moreover, it is useful for detection of other scrotal pathology (in parti
cular testicular tumours) and accurate estimation of testicular volume, which gives an 
impression of the quality of spermatogenesis, 

Surgical treatment of varicoceles detected with colour Doppler ultrasonography 
resulted in an increased number of spermatozoa in the ejaculate, and enhanced 
sperm motility (Chapter 6), The improvement in sperm quality was irrespective of the 
outcome of varicocele palpation, The beneficial effect on sperm quality was smaller 
in men with severely hypoplastic testicles or a history of testicular maldescent. 

Finally, Chapter 7 presents an overall discussion of the results described in this 
thesisl and the conclusions. 
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SamellVatting 

Naar schatting ondervindt 15% van de paren met kinderwens een tijdelijk of blij
vend vruchtbaarheidsprobleem. In ongeveer de helft van deze paren is een oorzaak 
voor het uitblijven van zwangerschap te vinden bij de man, al dan niet gecombine
rd met een oorzaak bij de vrouw. Andrologie is het medische vakgebied dat zich 
bezighoudt met de voortplantingsfuncties en -diskfuncties van de man. De oorzaak 
van gestoorde mannelijke vruchtbaarheid is in de meeste gevallen onbekend, en dia
gnostische en therapeutische methoden zijn veelal niet grondig geevalueerd. De 
andrologie dient verder te worden ontwikkeld door onderzoek naar de fysiologie en 
pathologie van mannelijke fertiliteit, evaluatie van bestaande diagnostische en the
rapeutische methoden, en de onlwikkeling van nieuwe diagnostiek en behandelin
gen. Hiervoor zijn complete, accurate, ondubbelzinnige en gestructureerde gegevens 
vereist. Medische informatiesystemen kunnen gestructureerde dataverzameling en 
wetenschappelijke analyse van patientengegevens ondersteunen. Op de polikliniek 
Andrologie van het Academisch Ziekenhuis Dijkzigt-Rotterdam worden patientenge
gevens al meer dan 10 jaar routinematig gestructureerd vastgelegd. Deze gegevens 
kunnen zeer waardevol blijken voor klinisch-wetenschappelijk onderzoek. 

Het doel van het onderzoek beschreven in dit proefschrift was (1) de waarde te 
bestuderen van een gestandaardiseerde inspectie en gestructureerde verslaglegging 
bij onvruchtbare mannen, en (2) evaluatie van diagnostiek en behandeling in de 
andrologie. Hoofdstuk 1 geeft een inleiding van de achtergronden en motieven van 
dit onderzoek, de doelstellingen en een uiteenzetting van onze aanpak. 

Het onderzoek werd begonnen met de ontwikkeling van een research informa
tiesysteem voor andrologische medische gegevens (beschreven in Hoofdstuk 2). In 
het afgelopen decennium werd andrologische data verzameld in afzonderlijke data
bestanden. De inhoud van deze databases is ge'inventMiseerd, waarbij bleek dat er 
verschillende belemmeringen waren voor wetenschappelijk onderzoek met deze 
data. Sommige gegevens waren dubbelzinnig of incorrect. Deze problemen zijn geca
tegoriseerd en algemeen toepasbare oplossingen voor deze problemen zijn beschre
ven. ORCA (Open Record for CAre) is een elektronisch medisch dossier, ontwikkeld 
door het Instituut Medische Informatica (Erasmus Universiteit Rotterdam), dat een 
eenduidige, accurate en gestructureerde dataverzameling bevordert, waarmee 
bovengenoemde problemen kunnen worden voorkomen. ORCA bleek geschikt voor 
het integreren van bestaande andrologische patientgegevens. De overgang naar 
ORCA vereiste validatie, explicatie en herstructurering van de gegevens. Aile besta
nde data kon in ORCA worden overgenomen, waarbij een een-op-een relatie tussen 
medische betekenis en database representatie werd verkregen. Het research infor
matie systeem werd gebruikt voor de beantwoording van de overige vraagstellingen. 
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In Hoofdstuk 3 wordt een algemeen overzicht van de andrologische populatie 
gepresenteerd, De frequentieverdeling van diagnoses bij mannelijke infertiliteit en de 
behandelingsmogelijkheden zijn ge'inventariseerd, Een oorzaak voor de infertiliteit 
werd bij 52% van de onderzochte mannen gerdentificeerd op basis van WHO 
(Wereld Gezondheidsorganisatie) richtlijnen, Dit percentage werd verbeterd tot 66% 
met aanvullende diagnostische methoden, De evaluatie van 2 van deze additionele 
diagnostische methoden en een andrologische behandeling is in meer detail 
beschreven in de aansluitende hoofstukken, De evaluatie van diagnoses, diagnostiek 
en behandeling illustreert de waarde van gestandaardiseerde en gestructureerde 
beoordeling van onvruchtbare mannen, 

In Hoofdstuk 4 wordt de waarde beschreven van het bepalen van de concentra
tie van het hormoon inhibine B in serum/ voar kwalifkatie van de spermatogenese 
(het proces van zaadcel productie), Recent is een gevoelige methode onlwikkeld 
voor de bepaling van bioactief inhibine B, Met deze methode hebben we de hypo
these bevestigd dat inhibine B de testiculaire terugkoppeling op FSH (follikel-stimu
lerend hormoon) secretie door de hypofyse verzorgd, Tevens bleek het serum inhi
bine Been gevoelige maat voor de kwaliteit van de spermatogenese te zijn, Wij heb
ben een sterke corre!atie tussen serum inhibine B niveaus en de status van het sper~ 
matogenetisch epitheel in testisbiopten aangetoond, Het onderscheiden van com
petente en gestoorde spermatogenese was nauwkeuriger met inhibine B dan op 
basis van het serum FSH, Wij concluderen dat het serum inhibine B de meest 
geschikte endocriene indicator van de spermatogenese is, 

De diagnostische waarde van kleuren Doppler echografie van de scrotale orga
nen wordt beschreven in Hoofdstuk 5, Bij 38% van de 1372 onderzochte mannen 
werd een afwijking gevonden die met infertiliteit is geassocieerd, Slechts 33% van 
deze afwijkingen werd bij lichamelijk onderzoek gedetecteerd, Het percentage man
nen met subnormaal zaad zander aantoonbare oorzaak werd gereduceerd van 48% 
naar 38%/ op basis van een testis tumor of een varicocele die door echografie werd 
bemerkt. De meest opvallende bevinding bij echografie was een testistumor bij 7 van 
de 1372 infertiele mannen (circa 1/200), Slechts 1 van deze testistumoren was wa
rgenomen bij lichamelijk onderzoek, Een verminderde vruchtbaarheid is mogelijk 
geassocieerd met een verhoogde kans op testis tumoren, Routinematige kleuren 
Doppler echografie van de scrotuminhoud bij infertiele mannen lijkt daarom zinvo!. 
De meest voorkomende afwijking, bij circa 30% van de mannen, was een varicoce
le (spatader in de balzak), De nauwkeurigheid van varicocele palpatie is lwijfelachtig, 
aangezien 34% van de voelbare varicoceles fout-positief bleek, Wij stellen dat palpa
tie geen geschikte methode voor varicocele screening is, Kleuren Doppler echografie 
van de balzak is objectiever en nauwkeuriger bij varicocele detectie, Bovendien kun-
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Samenvatting 

nen hiermee andere scrotale afwijkingen worden opgemerkt (in het bijzonder testis 
tumoren) en kan het testis volume nauwkeurig worden bepaald, wat een impressie 
geeft van de kwaliteit van de spermatogenese. 

Chirurgische behandeling van varicoceles gedetecteerd met kleuren Doppler 
echografie resulteerde in een toegenomen aantal spermatozoa in het ejaculaat, en 
een betere progressieve beweeglijkheid van spermatozoa (Hoofdstuk 6). De verbe
tering in zaadkwaliteit was onafhankelijk van het al dan niet voelbaar zijn van de vari
cocele. Het positieve effect op spermakwaliteit was kleiner bij mannen met kleine 
testikels en bij mannen met een voorgeschiedenis van gestoorde testikel indaling. 

Tenslotte bevat Hoofdstuk 7 een algemene discussie van de in dit proefschrift 
beschreven bevindingen, en de hieruit volgende conclusies. 
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Appendix A 

name patient: 

name partner: 

Andrology Record 
dale of birth: .~_-19_ patient Id: 

pationt Id: 

History taking and previous history 

Date of history taking 

nelerrer 

Current relationship since; 

Inlenile since: 

Infertility current relalionshlp 
If secondary; 
-number or cilildren 
-time 10 previous pregnancy 

Male Infertility (incl. former relationships) 
if secondary; 

-number of children 
-lime to previous pregnancy 

Femi1le infertility (incL former reJaFonships) 
if secondary: 
-number of children 
-time to provlous pregnancy 

Previous infertility investigations I treatment 1 

Conlmcepllon method 

Hislory Of medical treatment 

High fever in the past 6 months 

Surgery 

-------.. _-

dale of birth: 

DGP 
o urology 
o second opinion 

o primary 

children 
_ monlhs 

o primary 

__ chi:dren 
_._ months 

[1 primary 

_~ children 
~_months 

o no 

o condom 
OOAC 
o spermicide 
[] other, i.o,: __ _ 

[J no 
o COPO 
U neurologic j:sease 

-19 

o gynaecology 
C) Internal medicine 

o secondary 

o secondary 

o secondary 

o ).'es, I.e. ______ _ 

OIUD 
o temporature curve 
o vasoctomy 

------

o dlabetHs 
o tuberculosis 

[) other, Le.: ________ _ 

Dna 

o no 

Ono 
o tlydrocelectomy 
o prostatectomy 
o urethral str:ctures 
[1 varicocele!:galion 
o other, I.e 

Dyes 

Dyes 

o inguinal hernia 
o hypospadias 
o vasectomy 
o vaso-vasostomy 
o bladder neck operi'ltion 

In the case of abnormal findings, dotails can be given In the texlbox at the bottom ot the page (description; 
treated wJ1en, how and where; recovery, elo.) 

Rer;Mrks 01) history taking and previous hi:ilOiy:-- ---- -I 
---------------_ ... ---.~ 
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History laking and previous history contlnlled 

Urogenital infections 
(orchitis: see tastls pathology) 

Sexually transmitted disease 

Puberty development 

Epklldyml!is 

T eslicul<H pathology 
torslo tesUs 
trauma 
pain 
Jl')utr'ps orchitis 
orchlt;s without mumps 
other 

Testicular maldesGeJit 

Coitus frequency 

Timing ot coitus around ovulation 

Ereclions 

EJaculafons 

Environmental faclors 

Profession 

Environmental factor 

Smoking 

Alcohol consump!lon 

Drug abuse 

000 o cystills 
o pyelonephritis o prosla1Ftis 
o epididymitis 
o other, i.e.: ________ _ 

000 o chlamydl<l 
o syphilis o gonorrhoea 
o othor, l.e.: __ _ 

[J normal 

000 

000 

000 

000 
000 

000 
i.e.: _____ _ 

Ono 

_times per 

000 

o normal 

o normal 

o abnormal 

Left 

o 

o 
o 
o 
o 
o 

o 

o week 
o month 

Dyes 

o abnormal 

o abnormal 

Right 

o 

o 
o 
o 
o 
o 

o 

o no o toxic substance 
o heat 
o other, I.e.: ________ _ 

o no 
Dyes, Le. _ Cigarettes per 
D other, I.e. ____ per 

o no 
o yes, i.e. _ units per week 

Ona Dyes 

o day 
o week 
o 
since: __ 

Remarks on history faking and pH;Mous II/story: 
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Physical examination 

Date of physic31 examination 

General 

Height 

Weight 

Blood pressure (mm Hg) 
method 

General physical examination 

Signs of virilisalion 

Gynaecomastlfl 

Urogenital tr8ct 

Pcnis 

Testis consistency 

Testis locallon 

Testis volume 

Epididymi 

Vas deferens 

Remarks physical examination: 

Appendix A 

em 

__ kg 

~_.J __ systolic I diastolic 

ORR flilting 
ORR supine 

o RR standing 

o other, i.e" ___ , _____ ~ 

o normal o abnormal 

o normal o hypogonadism 

Dna 
o yes, Tanner stage __ 

o normal o scars 
o plaques o hypospadias 
o ulcers o other: 

Left RIght 

o bolh normal 
non-palpable 0 0 
soil 0 0 
hard 0 0 
olher" 

D both normal 
high scrotal 0 0 
relractile 0 0 
inguinal 0 0 
ectopic 0 0 
other: 

ml rTlI 

o both normal 
Ihlckened 0 0 
lender 0 0 
cyst(s) 0 0 
I"\on-palp"ablo 0 0 
olher: ___ , ___ 

o both normal 
thickened 0 0 
non-palpable 0 0 
other: 

_J 
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Physical examination continued 

Varicocele 

Scrolal swelling 

Inguinal exarninaton 

Rectal exwnination - prostate 

Rectal axamination - seminal vesic!os 

Scrotal thermography 

Rema,rks physical examination: 

Left 

o none 
0: suhdinical 0 
I: I.wlpable with Valsalva 0 
II: palpable 0 
III; vl~lble 0 
othflr: _____ _ 

o none 
Ing ulnal hernia 0 
hydrocele 0 
tender 0 
other: 

o normal 
inguinal hernia 0 
Iymphadenopatlw 0 
surgical scars 0 
Inguinal scars 0 
other: 

0 

o normal o soft swelling 
o hard swelling Olender 
other: 

o normal (non-palpable) 
o palpable 

o normal o abnormn.i 
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Right 

o 
o 
o 
o 

0 

0 

0 
0 
0 
0 



Laboratory 

Serum -" .. 
Unit 

fmM, Unote,} -
FSH 

LH 

testosterone 

SHBG 

inhibln f:3 

prolactin 

17p·oostradlo! _ .. 

_. 

Genetic screenIng 

Karyotype 

eFTR gene mutation 

Y-c!1romosome microdelelion 

Other I delails 

1 
dd I I 

-

Appendh A 

2 3 
dd I I dd I 

-' 

o normal 

o no 

o no 
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, 
dd I I 

D abnormal 

Dyes 

Dyes 

5 
dd I I 

-



Semen tWlllysls 

Date analYSis - ~-- - - - - -, -'- - --
Technician ---
Durallon of abslinence (days) 
r--

Timo 01 Production hh:mm 
--

Time 01 analysis hh:mm 
__ m 

Volume (ml) 
" --"----
Appearance of somon o normal o normal o normal [] normal 

o abnormal o abnormal o abnormal o abnormal 

Llquefacfon D normal o normal o normal o normal 
o abnormal o abnormal o abnormal o abnormal 

Consistency (viscOSily) o normal o I'lOrmal o normal D normal 
o Increased o Increased o increased o increasad 

Addit:on of chymotrypsin Dna Dna Dna Dna 
Dyes o yes Dyes Dyes 

pH 
. 

Round cells (1 OS/ml) 
r-' leucocytos (I 06/ml) 

-
Concentration (x 10"lml) 

Motility (microscopy) at 37~C (%) 

a: rapid progressive motility 
1---'" .,' 

b; slow or sluggish progressive 
rnotilily 

~-
8+b: progressive 
~. ._--

c: non-progressive 
--" 

d; Immotile 

Vitality (% alive) 
., 

Morphology: _ ... 
Number of cells assessed 

Normal morphology 

Head abnormalities 
-,,-. 

Neck / mldplsce abnormaH1ias 

Tail abnOrmalities 

Cytoplasmic droplets 
-,~--

Percentage normal 
-:-=' 

T21 index 
-'" 

MAR IgO (% blnd:ng) 

MAn IgA (% blnd",ng) 

Agglutination Dyes Dna Dyes tl no Dyes Dna o yas o no 

Olllet / remarks 

- -"~ 

134 



Appendix A 

Scrotal colour Doppler ultrasonography 
Dale invesligallon: 

Name radiologist 

Venous diameter mm 

Increase in diameter with VaJsa!va I standing 0 no Dyes D standing 
o Valsalva 

Venous rellux in the pampiniform plexus 

VaricOCele 

T cstis volume 

Teslis 
homogeneity 
cysl(s) 
processes 

Epid;dyml 
size 
cyst(s) 

Hydrocele 

Venography 

Date Investigation: 

Name radiologist 

Conclusion 

Testis biopsy score 

Date biopsy 

Name radiologist 

Biopsy score 

Other I remarks 

D no 
D < 2 seconds with Vu~salva 
o > 2 seconds with Valsalva 
o during normal respiration 

D no Dyes 

Lcft: ml Right:~ml 

D normal o abnormal 
[1 no Dyes 
D nO Dyes 

D normal o abnormal 
D no Dyes 
D no o yos 

D no varicoc-ele D varicocele 

--~ 
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Diagnosis 
Semen classification o nOrmal o o'igozoospermia 

o leralozoospermla o asthenozoospermla 

o antibody coated sperm 0 agglutination 

o leucospermia o abnormal plasma 

o azoospermia o aspermia 

o necrospermia o g!obozoosperrnia 

o other, ______ _ 

Clinical dIagnosis o sexual and/or ejacula!)' dyslunclioJl 

o immunolog'cal cause 

o no demonslrahlfJ Cfluse 

o Isolaled ;.;eminal plasma abnormalilies 

o iatrogenic cause 

o syslomfc C,''lu!>e 

o congenilDI obnormalities 

o acquired testicular abnormalilles 

o var:cocefe 

o ma'e nccessory gland infection 

o ondocrinfl CilUse 

o idiopalhic oligozoospermia 

o idiopalhlc a~lhtlf1ozoospermla 

o Idiopathic loralozoosperrn;a 

o idiopathic a700spermia 

o obstructive aloospormia 
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Therapy 
Med'cal:on 

Varicocele treatment 
-dale 
-method 

Assisted reprodllction 

Other / ren/arks 

Pregnancy 
Date of finding 

Method of olltection 

Lasl menstruation datI) 

Fertilisation 

Appendix A 

o Palomo D embolisalion 

other, Le, _____ < ___ < __ 

o lUI 
DAIO 

D HCG lest 

o IVF 
D ICSI 

__ J 
o ultrasound 

o o!her, 1.0,: ________ _ 

o :ipontaneOlis o after therapy ___ _ 
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Dankwoord 

Alhoewel er maar een naam op dit boekje staat, zijn uiteraard ook anderen belang
rijk geweest bij de totstandkoming ervan, niet aileen direct voor het onderzoek, maar 
oak daarbuiten; promotor, co-promotoren en andere begeleiders, co-auteurs, de 
leescommissie, collega's, stagiaires, lamilie, vrienden, paranimlen, Cecile. Als ik hier 
namen ZOU gaan noemen, zou ik vast mensen vergeten, daarom: 
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