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PREFACE

Even though artificial insemination is a simple technique that
has been practiced for over a century, it has long been carried out
under poor conditions due to an inadequate understanding of repro-
ductive physiology and antagonistic socio-ethical attitudes. Accor-
dingly, until fairly recently it was a medical act with a limited
scientific basis which was practised more or less clandestinely.

The development of semen preservation has totally changed the
conditions of artificial insemination, especially in regard to
flexibility and safeguards in its application. Although the use
of fresh semen continues, it is now clear that the future of arti-
ficial insemination is closely linked to semen preservation.

During the past two decades, semen banks have been developed
in many countries. This has most often been the result of the
initiative of individual physicians in either the private or public
sectors. In France, a national system of semen banks (CECOS) was
begun in 1973. Although there has been cooperation within this
system in the areas of both research and management, a need to com-
municate and compare experiences with those from other countries
was perceived. Thus, the first International Symposium on Artifi-
cial Insemination and Semen Preservation was planned and held in
Paris, France in April 1979. Thirty-seven countries were represented
by individuals from many concerned disciplines.

This volume contains nearly all the communications given at the
Symposium and constitutes an attempt to provide an up-to-date as-
sessment of accomplishments and the body of scientific knowledge in
artificial insemination as well as to identify challenges which this
field faces. This task is complex since artificial insemination is
confronted by a diversity of clinical, biological, psychological,
legal, social and ethical problems.

The works presented in this volume underscore the important
place that artificial insemination and semen preservation has taken
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in the treatment, and even prevention, of male sterility. They
also reveal that these techniques present a unique opportunity for
the study of human reproduction. Furthermore, they reflect the
dynamism of investigators in this field and lead us to anticipate
important advances in the coming years.

This first Symposium has provided an opportunity to increase
exchanges on an international level which we hope will continue and
multiply.

As chairman of the Symposium and on behalf of CECOS, I would

like to thank all who attended and participated in the Symposium
for having made it such a success.

Georges David, MD
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PRESENT STATUS OF AID AND SPERM BANKS

IN THE UNITED STATES

John H. Olson

Cryogenic Laboratories, Inc.
1935 West County Road
Roseville, Minnesota, U.S.A.

INTRODUCTION

The current status of cryobanking utilizing frozen-thawed human
semen in the United States is an ever changing clinical and research
application in human reproduction. Since Spallanzani, over 200 years
ago, first reported data concerning his observations on the effects
of low temperatures on human spermatozoa, the concept of cryobanking
as utilized in the United States was essentially non existent until
the middle nineteen fifties when Sherman and Bunge first presented
a method of cryopreservation along with demonstrating that frozen-
thawed human spermatozoa was capable of in vivo fertilization with
resulting normal embryonic development.llz

The use of cryobanking was relegated to university based banks
in terms of both research and clinical applications until 1970. At
that time, several private cryobanks were originated applying the
research data developed and obtained from earlier investigators. It
is the purpose of this presentation to summarize current data regard-
ing the applications, functions and clinical results of cryobanking
human semen in the United States.

APPLICATIONS

The primary application for the cryopreservation of human sper-
matozoa is clearly for the treatment of infertility. With the chang-
ing moral, legal, religious and political attitudes towards abortion
and marriage resulting in the unavailability of adoptive children,
the demand for frozen-thawed semen for AID has increased signifi-
cantly in the U.S. All participating U.S. cryobanks have reported

1
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a 400% increase over the past five years.3 Not only have social,
legal and moral attitudes influenced the need for AID but also the
realization that male infertility is not a disease but rather a phys-
ical impairment which can be minimized. More clinicians are begin-
ning to practice AID which appears to be directly related to the
increased notoriety artificial insemination has been receiving in

the United States. Television documentaries, talk-show interviews,
along with nationwide magazine and newspaper publicity has awakened
the general public to the dilemma many infertile couples are facing.
Sherman in 1964 suggested that the modification of the moral, reli-
gious and legal attitudes were moving towards toleration if not support
of AID.4 Fifteen years later one could say with certainty that the
support for AID and AIH is substantial not only in academia but also
within the general population.

An integral function of most United States cryobanks is the
cryopreservation of human semen for future AIH. Many pre-vasectomy,
pre-radiation, pre-chemotherapy, and pre-surgery patients have opted
to store semen prior to their impending sterility. Although most
United States cryobanks, past and present, originated as essentially
a storage facility for patients such as those described above, the
past nine years have demonstrated that most individuals facing ster-
ility have chosen not to cryo-preserve semen. Some oligospermic
specimens are being collected, stored, thawed, pooled, and then
concentrated for use in AIH. Generally the success of these proce-
dures have limited their application.

Finally, there has been an increased awareness of carcinogenic
materials with which men come in contact which could result in ste-
rility in time.> Attention is focusing on the possibility of serious
chromosome mutations, blood abnormalities, and cancer brought on by
exposure to electromagnetic radiation.® These realizations have
prompted many individuals to cryopreserve their semen for future
progeny and subsequent utilization through AIH. The medical profes-
sion has become increasingly aware of the limitless possibilities
which cryobanks offer the clinician and his patient, however the
geographical locations of the United States cryobanks often dictates
an individual's opportunity to utilize their services.

FUNCTIONS

Currently in the United States, eleven cryobanks are recognized
as active centers for human semen cryopreservation.7 The geographical
distribution is found in Figure 1. This number of established cryo-
banks does not include smaller private banks which are maintained by
infertility clinicians for their patients only. It is estimated there
are fifteen of these facilities in the United States. Not all cryo-
banks perform the same functions relative to the cryopreservation of
human semen. One bank utilizes heterologous donor semen for private
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patient applications within the clinic itself. One bank provides
donor semen only to clinicians in their surrounding medical community
while nine cryobanks not only maintain and supply donor semen speci-
mens for physicians but also facilitate long term storage for future
homologous insemination of physician referred patients. Four of the
cryobanks are university based while the remaining seven are priva-
tely owned or commercial facilities.

LEGAL STATUS OF AID IN THE UNITED STATES

The use of AID in the United States has been the pivotal point
around which significant social policy issues have been discussed.
For the most part, the United States legal system has focused its
attention on the legal identity of offspring, the marital relation-
ship, and the adoption of AID as a recognized and accepted medical
procedure. Much publicity has arisen in the past year stemming from
the work of Steptoe and Edwards. This has brought AID to the atten-
tion of the U.S. populace resulting in a deluge of communications
suggesting uncontrolled asexual reproduction and genetic manipulation
and engineering. It is to the credit of the United States legal
system that these issues, which certainly influence the family

concept in our society, have not been an area of concentration in
the courts.

In general, the majority of the United States medical profession
have declined to practice AID due to the potential liability which
is similar to liability in other areas of legal medicine and family
law. As of 1976, there had been no reported liability cases based
upon either medical malpractice or the theory of "wrongful life".8
It is not the intent of this document to review specific litigation
with respect to AID. It is apparent however, that due to the lack
of gpecific legislation in most states the courts have been incon-
sistent in determining AID cases.? Court cases, state legislatures
and proposed uniform legislation have been used to determine the
issues of AID. Certain courts have considered the legitimacy of
offspring10 while others concentrated their efforts in dealing with
the obligations of the husband of the mother of the child.11

As of 1976, seven of the fifty states had definite statutes
dealing with a1D.12-18 The legislation concerned the legality of
practice, written consent, and legitimacy of progeny. Although each
of responding cryobanks reported no difficulties with legal issues,
it is still apparent that comprehensive legislation is needed to al-
leviate the stigma of potential liability. Religious obstacles in-
herent in AID procedures have not been detrimental even though Pope
Pius XII in 1949 declared AID to be contrary to Christian principles
and morals.l19
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CLINICAL RESULTS

The last reported data concerning births resulting from cryo-
preserved human semen in the United States were submitted by Sherman
in 1977.7:20 purther investigations since that report have demons-
trated a significant 61% increase in the number of births resulting
from frozen-thawed semen. A comparison of the data obtained prior
to 1977 with findings from 1977 to 1979 is presented in Table 1.

The nine cryobanks which provided data and to which the author is
indebted, are listed in this text. As previously noted, ten of the
eleven active U.S. cryobanks provide frozen-thawed semen specimens

to clinicians outside of the bank's immediate area. The problems
associated with obtaining pertinent data relative to clinical results
stems from the difficulties which some cryobanks experience in main-
taining systematic analyses of insemination results. This is due,

in part, to the required anonymity which must be observed by both the
cryobank and the physician. This obstacle results in physicians
neglecting to respond to surveys, incomplete responses and inaccu-
rate data prompted by incorrect interpretations to submitted ques-
tions. Furthermore, data was not available from cryobanks that are
not active members of the AATB or from those that declined to submit
clinical results. It is imperative to point out that the recent data
supports previous findings of lower percentages of spontaneous abor-
tions and abnormalities than that which is found in the normal re-
productive population. One participating cryobank reported a third
trimester pregnancy resulting from AIH using frozen-thawed semen
which had been cryopreserved for six years, two months.

CURRENT METHODS

Within the proposed standards set forth by participating members
of the Reproductive Council of the American Association of Tissue
Banks are certain guidelines with respect to accepted laboratory
procedures.7 It is not the intent of this presentation to dissemi-
nate these proposed standards but rather to present an overview of
data obtained regarding basic methods and charges for services ren-
dered by the nine reporting cryobanks (Table 2). Within the frame-
work of the proposed standards of the AATB, each cryobank has adopted
its own methods of laboratory operation, which is evidenced by the
variations depicted in Table 2. The apparent discrepancy in charges
for cryobank services is due to many factors such as geographical
considerations, private or university banks, and whether or not the
cryobank maintains its own infertility clinic.
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TABLE 1. ClinZecal results using frozen—thawed human spermatozoa

Prior to 1977 1977-1979 Total

No. of AIH Patients * 2906 2906
No. of AID Patients * 1778 1778
No. of physicians served * 2333 2333
No. of current pregnancies 71 339 -
No. of pregnancies

(other than current) * 2333 2333
No. of normal children born 1464 2393 3857
No. of abnormal children

born 0.7% 1.3% 1.0%
No. of spontaneous

abortions 12.0% 5.0% 8.5%
Male/Female ratio * 51% male -

* Data not available.

The applications of cryobanking of human spermatozoa in the
United States has again been demonstrated to be a significant and
integral part of the medical community. The data presented here
represents a definite trend toward the increased use of frozen-thawed
semen in AID. In view of a few somewhat negative reports from cer-
tain researchers concerning the longevity of cryopreserved semen
specimens and the possible higher incidence of abnormalities and
spontaneous abortions, it is truly rewarding to present the current
data obtained from United States cryobanks which directly refutes
previous data. Certainly much should and will be initiated with
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TABLE 2. Laboratory methods and charges of nine United States

eryobanks
No of banks
Method of storage Liquid nitrogen 9
Method of shipping Ligquid nitrogen 8
Other media 1
Shipping carrier Air 7
Bus 6
Other 3
Semen storage container Glass vials 4
Straws 4
Other 1
Cryopreservative used Glycerol 4
Buffered Glycerol 1
Buffered Glycerol/Egg Yolk 4
No. of available donors 1-15 5
16-30 3
31+ 1
Increased demand for heterologous donor semen 9
Increased demand for preservation for AIH 6
No legal difficulties associated with AID 9
Charges : Heterologous donon semen 838-8175 per specimen
Homologous donor semen 825-8 55 per specimen

respect to the future involvement of cryobanking in the United States.
In addition to the roles which cryobanks now assume in the medical
field, they have the potential for having a broader and more social-
ly oriented role in the future. Through the efforts of the Repro-
ductive Council of the AATB and its members, the next decade will

be one of significant achievement in the field of cryobanking of
human spermatozoa.
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AID AND SPERM BANKS IN GREAT BRITAIN

David. W. Richardson

MRC Unit of Reproductive Biology
Edinburgh, Scotland

INTRODUCTION

In Great Britain, it has been estimated that approximately
1,000 to 1,200 marriages out of the 400,000 marriages each year will
be possible candidates for artificial insemination with donor semen
(a1D) 1'21f each couple were to have 2 children by donor insemination,
then about 2 000 children would be born for each year's marriages.
This figure would represent 0.15-0.3% of the total 650 000 annual
births in Britain.

The Report of the British Medical Association Panel on AID in
1973 recommended that centres for AID should be established in Great
Britain. However, this recommendation has only been partially im-
plemented. At present, there is no national coordinated system of
AID centres, though there are at least 24 centres which provide some
type of AID service. The governmental Department of Health and Social
Security is responsible for the organisation and administration of
the National Health Service and recommending the general policy to
be pursued by the Aera Health Authorities who operate the health
service throughout Great Britain. However, though the Department
of Health and Social Security is unlikely to actively endorse the
establishment of a national system of AID centres, each Health Au-
thority has latitude in its own policies, and any such Health Author-
ity could establish AID centres within its area.

One Area Health Board has inaugurated an AID service in its

region, and its operation and performance will be followed with
considerable interest.

11



12 D. W. RICHARDSON

Much of the succeeding information was derived from answers
given to a questionnaire on AID sent from the Royal College of
Obstetricians and Gynaecologists, London, in 1977, to 38 university
departments, clinics and private doctors who were thought to be pro-
viding an AID service, or were interested in such a service. Twenty-
seven centres replied and of these 22 were already providing an AID
service. Since 1977, at least two more centres have been set up.

Of these 24 establishments, 19 have semen banks, and 4 centres use

frozen semen exclusively ; however, the majority use both fresh and
frozen semen. Two semen banks are run by commercial organisations

and provide services in 4 towns.

The location of the AID centres in the United Kingdom is shown
in Figure 1. The geographical distribution of these facilities is
uneven. Seven centres are located in the London area, four are in
Scotland and three in the north of England. However, there appears
to be no AID service at all in Wales, East Anglia, north eastern
England, Cumbria and the sparsely populated north west of Scotland.
Patients from these areas have to travel long distances for treat-
ment.

The geographical distribution of the AID centres needs to be
rationalised and new facilities inaugurated.

THE DEMAND OF AID

There is a growing demand for AID in the United Kingdom. 1In
1976 there were 1,585 referrals of patients who were possible can-
didates for AID (Table 1), whereas in 1977 the number had increased
by 34% to 2,396, with 1,200 couples actually receiving treatment.
If this increase is maintained and extrapolated, in excess of 3, 000
referrals would be anticipated for 1978.

731 pregnancies were achieved with donor semen in 1976 and of
these, between 70 and 90 were with frozen semen. Between 1977 and
1979, of the order of 210 to 230 pregnancies resulted from froze
semen insemination. )

Only 12 centres pursued any form of follow-up of families into
which AID children were born and only 1 centre followed the progress
of the children for more than one year.

The replies to the questionnaire showed that there was no stan-
dard procedure for the selection and examination of donors, nor was
there a standardised protocol for investigating couples referred
for AID. Most centres charged a fee for the service, although often
it was nominal. 1In 14 centers, medical or dental students were used
as their principle source of donors and only one group recruited by
advertising. Donors were paid by 19 of 24 centers.
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TABLE 1. Referrals for AID treatment in
the United Kingdom

Year Couples referred
1976 1,585
1977 2,396

FIGURE 1. AID centres in the United Kingdom
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TABLE 2. Storage of frozen semen

Type of Number of centres
Storage unit using each system

Glass ampoules
Plastic ampoules

French straws

S W W N

Pellet

Every centre utilised liquid nitrogen for semen storage, with
storage in French straws and glass or plastic ampoules being most
widely employed (Table 2).

The predicted increase in demand for AID within the normal in-
fertility service should move us to anticipate this demand and esta-
blish a semen exchange system which would include specimens from all
ethnic groups. :

In Great Britain, there is a clear requirement to provide a
nationwide network and to rationalise the location of AID centres.
A centre to collate and analyse the nationwide results of AID should
be established. If methods can be refined to precisely predict ovu-
lation, and significant progress is achieved in improving semen
cryopreservation, we may anticipate a marked increase in the suc-
cessful use of frozen semen during the next five years.

ADDENDUM
The opinions expressed in this paper are solely those of the
author, and do not represent the policy or views of the Medical
Research Council.
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THE ORGANIZATION OF THE CENTERS FOR THE STUDY

AND PRESERVATION OF SEMEN IN FRANCE

Georges David and Jacques Lansac

Centre d'Etude et de Conservation du Sperme (CECOS) ,
Paris-Bicétre. Kremlin-Bicétre, France

Centre d'Etude et de Conservation du Sperme (CECOS),
Tours. Tours, France

Because of religous and moral opposition, Artificial Insemina-=
tion with Donor Semen(AID) in France long remained what was essen-~
tially a clandestine practice carried out by a limited number of
private gynecologists who used fresh donor semen.l It was not until
the creation in 1973 of the first two sperm banks in Paris at Necker
and Bicétre hospitals that AID was accepted as a service of the
Public Hospitals. This has greatly assisted the development of AID
by facilitating its practice and enabling government authorities to
recognize it officially. Therefore, its development has been direct-
ly linked to that of sperm banks and semen preservation. Artificial
insemination with fresh semen practiced only by gynecologists in
private practice in France is steadily regressing due to the instal-
lation of a network of sperm banks serving the entire country.

Presently, there are 15 sperm banks in France: 14 which make
up the Centers for the Study and Preservation of Semen (CECOS in
French) and 1 which is independent, the Center of Human Functional
Exploration (CEFER) in Marseille.

Structure and Functions of CECOS

The CECOS Centers are located in University-Hospital centers
(Figure 1, Table 1) and are usually the principal activity of the
Reproduction Biology service. They are not directly under hospital
jurisdiction but rather are managed by an Administrative Board which
includes representatives of the Ministry of Health, the hospital
administration, Social Security(the national health service division)

15
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TABLE 1.
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Sperm banks in France

Region

City

Address

Director

Paris

Bicétre

Franche-Comté

Bourgogne

Aquitaine

Nord

Rhéne

Sud-Est

Lorraine

Bretagne

Alsace

Midi-
Pyrénées

Centre

Normandie

Alpes

Besangon

Bordeaux

Lille

Lyon

Marseille

Nancy

Rennes

Strasbourg

Toulouse

Tours

Caen

Grenoble

Centre Hospitalo-
Universitaire

78, av. du Général Leclerc
94270 Kremlin-Bicétre

Centre Hospitalo-
Universitaire
Place Saint-Jacques
25000 Besangon

H6pital Xavier Arnozan
33604 Pessac

Service de Gynécologie
Obstétrique

10, rue Malpart

59000 Lille

Centre Hospitalo-
Universitaire

8, av. Rockefeller
69373 Lyon Cedex 2

Centre Saint-Pierre
165, rue Saint-Pierre
13006 Marseille

Université régionale
rue du Dr Heydenreich
54000 Nancy

H6pital Pontchaillou
33043 Rennes Cedex

Faculté de Médecine
Institut d'Embryologie
11, rue Humann

67085 Strasbourg Cedex

Hépital C. La Grave
31000 Toulouse

Hopital Bretonneau
Boulevard Tonnellé
37033 Tours

Centre Hospitalo-
Universitaire
Céte de Nacre
14033 Ccaen

Hopital des Sablons
38700 La Tronche

Pr

Pr

Pr

Pr

Pr

Dr

Pr

Pr

Dr

Pr

Pr

Pr

Pr

G.

C.

J.

M.

David

Bugnon

Meunier

Delecour

J.C. Czyba

A.

Matté

Grignon

Chambon

Clavert

Pontonnier

Lansac

Izard

Jalbert
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TABLE 2. Evolution of AID requests by year in CECOS according to
center. The center at Caen 18 not reported since it opened
in 1979. Data from Paris—Necker is included only since its
entry into the CECOS system

1973 1974 1975 1976 1977 1978 Total

Paris-Bicétre 278 348 512 481 498 711 2828
Paris-Necker - 281 281
Besangon - 37 55 44 54 49 239
Bordeaux - 6 67 97 102 102 374
Grenoble 73 73
Lille - 53 75 115 110 125 478
Lyon - 109 131 198 120 200 758
Marseille - 124 167 191 151 181 814
Nancy ' - 42 67 72 83 110 374
Rennes - 191 219 410
Strasbourg - 55 55
Toulouse - 34 70 70 174
Tours - 112 86 109 307

Total 278 719 1074 1344 1465 2285 7165
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FIGURE 1. CECOS Centers in France and their dates of

opening

TABLE 3. Assessment of activity on March 12, 1978

AID requests accepted
Women treated

Pregnancies
. Births
. Miscarriages

. Pregnancies in progress

Donors

7,160
4,253

1,852

1,324

1,158
290
404
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and different interested medical disciplines such as gynecology,
pediatrics, genetics, virology and endocrinology. The directors are
physicians in biological science(10 centers), gynecology and obste-
trics(2 centers), urology(l center), or endocrinology(l center).

The physical plant is provided to CECOS by the Hospital Center
and the personnel are hired either by CECOS directly or by the Hos-
pital for CECOS. Even though CECOS is an independent operation with-
in the Hospital Center, there are close links between the two which
are defined by written agreement.

The budget of a Center is independent of the hospital's. Its
income is derived mainly from charges for paillettes, that is frozen
semen for AID, and services such as spermiograms and semen cryopre-
servation, the latter in cases of autopreservation or artificial
insemination with husband's semen (AIH). Fees are established in
accordance with a not for profit policy. Financial support has also
come from the Ministry of Health since the inception of CECOS in
order to facillitate its establishment (approximately 25% of the total
budget for the first three years).

The budgetary and managerial autonomy of CECOS has allowed the
Centers to respond to the needs of both hospital based and private
practitioners. The centers are also independent of each other, there
being no formal central organization or director. However, they have
all beer established and operate under the same guidelines and have
the same objectives. These objectives are periodically discussed
during Director's meetings. In order to further increase
cooperation on an administrative, financial, technical and scientific
level, the CECOS Centers have recently decided to create a federa-
tion.

Three functions have been defined for CECOS: (1) Semen preserv-
ation for AID; (2) semen autopreservation for AIH; and(3) research.

CECOS and AID

CECOS has developed an AID program with the Statistical Research
Unit of the National Institute of Health and Medical Reserach
(INSERM) . This program includes donor recruitment, semen prepara-
tion, recording AID requests, verifying indications for semen pre-
servation and artificial insemination, the selection and provision
of semen for insemination, collection of data, and the use of find-
ings to improve the efficacy of our procedures. Inseminations are
performed either at the CECOS Center or by a gynecologist in hospital
or private practice.
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Semen Donation: The "nouvelle politique" of CECOS

In the practice of AID with fresh semen, the donor hasbeen most
often young and single and has always been payed. In contrast, CECOS
has maintained a policy that the semen donation be simply that, a
gift for which no payment is received as is the case for organ do-
nation. If the payment of a donor of fresh semen were justified by
the necessity of his convocation on a specific hour and day, this is
no longer the case. Semen banking now allows the donor to come to
the Center at his convenience with only reimbursement for transport-
ation, if necessary.

The selling of semen can lead to abuses as has occurred with
blood donation. 1In fact, the argument that paying donors increases
the availability of semen is false in the respect that it tends to
make it morally less attractive to many men and permits the public
to become disinterested in the problem. The solution to problems of
donor recruitment, we feel, lies in the acceptance by the public of
a responsibility in this area of human need.

A second CECOS principle concerning the donation is that it be
made by a couple. Only married men less than 50 years of age who
have one or more normal children and have the consent of their spouses
are accepted as donors. This requirement offers several advantages.
First, there is an additional guarantee of donor fertility as well
as a lower risk of hereditary disease. Furthermore, there are sig-
nificant moral and psychological benefits: Opinions have often been
voiced that artificial insemination falls into the realm of adultery
due to the role played, more or less consciously, by the donor. By
replacing the notion of "the donor" by that of "the couple donor" and
replacing the notion of "woman receiver" by that of "couple receiver",
the image of adultry as well as the accessory role of AID are greatly
attenuated.

The third principle concerning semen donation is in regard to
its repitition. In artificial insemination with fresh semen, donors
were used for long periods and often for a large number of women.

In certain cases, this created substantial risks of consanguinity.

In CECOS, only a limited number of ejaculates, usually 5 or 6 are ta-
ken from a given donor during a brief period of about 1 month. On
the first visit, a careful study of the donor is carried out which
includes personal and family medical history, a physical examination,
establishment of morphotype and semen examination. Only those can-
didates who have a sperm count of at least 50 million per ml, 50%
normal forms and, after freezing, 40% motile spermatozoa are accepted
as donors. Once accepted, a karyotype is performed and arrangements
are made to obtain a stock of about 100 doses(0.25 ml each) which
normally requires 5 or 6 ejaculates. Appointments are made at the
convenience of the donor who is never again solicited for a semen
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donation. It should be added that semen donations have been accepted
from individuals not meeting the above criteria but their semen is
used only for research purposes.

This new policy of CECOS, therefore, is characterized by a non-
paid donation, a couple's donation and a limited donation. This po-
licy has the additional advantages of being able to be presented
openly to the public and used to elicit both public support and par-
ticipation. Nevertheless, it could be feared that a rule of non-
payment would limit the development of AID. This has not been our
experience in CECOS since donations have kept pace with semen de-
mands (Figure 2). However, a continual recruitment effort has been
necessary since the demand for AID has constantly increased. For
the first six years, CECOS has had a total of 1,324 donors.

Indications and Contra-Indications for AID

The indication for AID is established by CECOS. The couple re-
questing AID is sent to CECOS by a referring physician or consults
CECOS directly. The Center then conducts an inquiry concerning
the couple in order to establish an indication for AID which is
based on criteria established by CECOS. The center also maintains
the responsibility of establishing the morphotype for donor couple
matching and giving the couple information on the AID treatment
program, particularly in regard to the delay before treatment begins
and treatment organization and procedures. To present, only couples
have been accepted, unmarried women and homosexual "couples" having
been refused.

There are several indications for artificial insemination in
CECOS. The primary indication is irreversible male sterility, that
is secretory azoospermia which does not arise from a curable hypo-
gonadotropism or anexcretory azoospermia which is not surgically
correctable. The indication in these cases is evident but CECOS is
receiving more and more requests as a result of spermatozoa insuf-
ficiencies (oligozoospermia, asthenozoospermia, teratozoospermia).
Such cases are not accepted for AID unless other means of improving
their fertility, including trials of semen enrichment for AIH, have
failed. If there remains any doubt as to the irreversibility of the
sterility, semen examinations are repeated and the referring physi-
cian is asked to evaluate the couple more thoroughly.

The second indication is the presence of genetic risks, that
is, the likelihood of the husband transmitting a dominant hereditary
disease or contributing to the expression of a recessive disorder.
In such cases, the Center seeks the advice of a genetician who eval-
uates the significance of this risk and the possibility of prenatal
diagnosis. More rarely, AID has been considered indicated in cases
of Rh incompatibility with severe isoimmunization of the woman or
for problems of ejaculation.
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The evaluation of the couple is completed by an interview with
a psychiatrist working with the Center. The purpose is not to judge
the motivation for the couple's request but rather to simply reveal
cases of psychological pathology. Rejections on the basis of this
interview are rare. In the great majority of cases, the value of the
interview lies in the opportunity it affords the couple for deeper
reflection regarding their motivations and concerns.

The reasons for refusing a request for AID are, therefore, quite
varied: Unproven male sterility, female infertility or psychological
disorders. The percentage of couples refused, however, remains low.
Out of a total of 6,385 requests received in 6 years at 7 Centers,
only 290 or 4.6% have been denied.

Semen Freezing and Utilization

The same cryopreservation technique has been adopted throughout
CECOS: A cryprotector medium with a glycerol and egg yolk base, se-
men packaging in 0.25 ml straws or paillettes, rapid(7 min.) freezing
and storage in liquid nitrogen.

The choice of donor semen used for an insemination is based not
only on the morphotypes and blood types(ABO and Rh) of the husband,
but also of the wife. The principal here is to avoid introducing
a character which does not exist in either partner.

The Insemination Procedure

The inseminations are carried out by gynecolcgists either in
CECOS or by those in hospital or private practice. There is no
distinction made by CECOS between physicians in hospital and private
practice.

In all cases, the gynecologists are required to respect a pro-
tocol which includes, in particular, insemination with only one se-
men dose in each of the first two cycles. This procedure is carried
out in order to permit assessment of factors affecting success, both
female(insemination timing, condition of the cervix, hormonal equi-
librium) and male (number and quality of spermatozoa). Beginning with
the third insemination cycle, the gynecologist is free to increase
the number of inseminations and doses used. 1In cases of multiple
insemination, the paillettes used contain semen from the same donor
and from the same ejaculate.

If an insemination is to take place outside of the CECOS Center,
the semen is picked up and transported by the couple in small con-
tainers of liquid nitrogen which will keep the paillettes for 5 days.
When it is time to perform the insemination, the paillette is removed
from the liquid nitrogen and allowed to thaw for a few minutes at
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room temperature. After cutting-off one end of the paillette, it is
placed in an insemination device with which the semen can be slowly
injected directly into the cervix.

Collection and Analysis of Data on AID

CECOS has centralized all information on donors, requesting
couples, inseminations, associated gynecological treatment, occur-
rence and evolution of conceptions and the condition of the child at
birth. This information is codified for computer processing. At
the first Center, CECOS at Paris-Bicétre, all data has been treated
in this matter from the Center's inception. For each donor and each
woman, dual records are kept. One which is nominal is maintained at
the Center during the treatment phase, the other which is prepared
for computer analysis and is anonymously identified by a coded number
is transmitted to the Statistical Research Center. This has the
advantages of making a large amount of data readily accessable for
evaluation and research and maintaining anonymity which is very im-
portant to both donors and receivers. Computer processing also per-
mits comparison of results obtained by a Center according to the
gynecologist who performs the insemination since they are also iden-
tified by a code number.

The evolution of the number of requests received per year by the
different Centers is presented in Table 2. The Centers in Paris are
the most active according to this index, being responsible for 43% of
the requests in 1978. Certain results of CECOS are shown in Table 3
but they cannot be used for extensive analysis since this requires an
evaluation based upon rates per cycle as discussed elsewhere in this
volume by Schwartz (page 200).

AUTOPRESERVATION FOR AIH

When a man is to undergo sterilization, either voluntary as by
vasectomy or involuntary as in treatment for cancer, preservation
of his semen allows him to retain the possibility of having children.
This activity involved for all of CECOS from 1973 to 1978 a total
of 903 cases: 469(52%) for vasectomy and 434(48%) for a sterilizing
treatment.

The problem posed in these cases is similar to that in certain
fertile men, the quality of their semen is not adequate for cryo-
preservation. This is especially the case for cancer patients whose
semen quality is poor, probably as a result of their disease. Of
these patients, only about 40% meet established criteria for cryo-
preservationwhich are described by Czyglik and David in this volume

(page 598).
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Finally, semen enrichment techniques and cryopreservation have
been employed in an attempt to improve oligozoospermic semen for AIH.
This procedure has progressed little since oligozoospermia is most
often accompanied by asthenozoospermia. Hence, the additional loss
of motility resulting from freezing completely removes the fertiliz-
ing capacity of this semen.

JURIDICIAL PROBLEMS

Presently in France, there are no laws or government regulations
concerning artificial insemination. Existing legislation in regard
to paternity actually gives the husband the possibility of disavow-
ing the child produced by AID. Legislation has recently been pro-
posed and is now being considered by the Senate. Furthermore, the
Ministry of Health is studying a group of proposed Sperm Bank regul-
ations: Requirements for creation, regulation of functions, fee
setting, etc.

Finally, a new problem has arisen as a result of autopreserv-
ation: The request for post-morten insemination. What should a
Center do if a woman whose husband has stored his semen requests
insemination after his death? For the moment, it has been decided
by CECOS that requests for autopreserved semen will be honored only
when made by the man. Therefore, his semen cannot be given to ano-
ther person including his wife unless he is alive. This problem
should also be considered in future legislation.

CONCLUSION

The French CECOS system is still undergoing development. Each
year its activity increases: As shown in Figure 2, there was a 30%
increase in AID requests, semen donations and AIH requests from 1977
to 1978. Certain Centers have reached a limit of maximum desirable
activity which has been determined to be about 600 new requests for
AID and 300 to 400 autocryopreservations per year. Therefore, it
is necessary to plan new Centers: Based upon current demand, there
is a need for one sperm bank per 2 to 4 million inhabitants. For
France, this means an increase from the present number of 14 to a
total of about 20 Centers. This evolution should be progressive
and accompanied by reinforcement of the links among Centers. 1In
parallel, CECOS hopes to improve communication on an international
level, that is, with centers in other countries with similar activ-
ities. The First Symposium on Human Artificial Insemination and
Cryopreservation is the result of this desire.
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PRESENT STATUS OF DONOR INSEMINATION IN BELGIUM

Robert Schoysman and Andrée Schoysman-Deboeck

Fertility Department
Academic Hospital V.U.B.
Brussels, Belgium

It is impossible to determine today who performed the first
donor insemination(AID) in Belgium, our colleagues who were thought
to be interested in this technique being no longer alive. One can
state, however, that it is most unlikely that any donor insemination
took place in Belgium before the second world war. It is probable
that it was first practiced in the mid-1940's or early 1950's. There
are no data available since the cases were obviously very few and
since the general consensus of doctors in our country in those days
was most certainly hostile to the principle of donor insemination.
Therefore, those very few who actually handled some cases would not
have published their results. Even so, it is estimated that up to
the mid-1950's, roughly one hundred pregnancies were obtained by
this technique. It also must be taken into consideration that these
cases were few, not only because of doctors' negative attitudes, but
also because of a very low number of demands. Indeed, in the 1940's
and 1950's, adoption was not asdifficult as it is today and there-
fore, the need for AID was not so acute when infertility in a couple
was due to a male factor. Furthermore, due to traditionalism and
lack of information, the acceptance of AID by the public was very
limited.

We began performing donor insemination in the beginning of 1956.
This took place at the University of Brussels and although this in-
stitution was known for its more open and undogmatic approach to
problems of this kind, there was obviously ill-feeling about this
activity. However, demands were received, examined, and eventually
accepted at a very slowly increasing rhythm of 2 or 3 more cases
per year.

AID was only done with fresh semen. Over the years the activity

27
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steadily grew and by the end of the 1960's, some 70 pregnancies had
been obtained. The demands were then coming with such a frequency
that it was no longer possible to meet them with fresh donor semen
and in 1970 we organized the first liquid nitrogen sperm bank in
Brussels. At that time, Andrée Schoysman-Deboeck gradually took
over the activity of freezing semen and performing the donor insem-
inations and we had become more and more interested since from a bio-
logical and human point of view the results obtained were very favor-
able. As will be presented in another paper, the sperm bank has
allowed us to have to date over 900 successes with AID. For the
above-mentioned reasons of ill-feeling about AID, this first sperm
bank was organized in private practice, but today there is also a
second sperm bank at Brussels Free Flemish University.

In the meantime, other colleagues had become interested in
AID, Professor O. Steeno from the Flemish University of Louvain, who
started donor insemination some ten years ago, has close to 300 preg-
nancies so far, a remarkable achievement since he only uses fresh
semen.

In 1977, Dr. F. Comhaire at the University of Ghent, organized
a ligquid nitrogen sperm bank. We have no precise information on the
actual results but less than 50 pregnancies seem to have been ob-
tained so far. The University of Liege also has a sperm bank, but
it is presently only in its initial stages although some pregnancies
have been obtained as we have been informed by Professor R. Lambotte.
It is certain that a few colleagues do perform donor inseminations
in their private practice. Their patients come to them having been
disappointed by the long waiting lists at the too few clinics which
perform AID on a large scale. There are no precise data on the
number of successes they have obtained but one can reasonnably assume
there are no more than a few dozen per year. There are, however, two
exceptions: One colleague(Dr P. Devroey) has obtained 125 pregnan-
cies with fresh semen and another colleague, over 30 pregnancies
with both fresh and frozen semen.

CONCLUSION

The total number of successes obtained by AID in Belgium can
be estimated to be 2000 pregnancies and it is very unlikely that
private practice or unpublished results will greatly increase that
figure. Considering that the yearly number of demands for a popula-
tion of 10 million like Belgium lies between 500 and 600, present
facilities and structures are wholly insufficient and it is imper-
ative that more gynecological centers with an interest in infertil-
ity organize sperm banks.

The prejudice and reluctance towards AID, so strong some 25 years
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ago, have gradually though not entirely disappeared. Many colleagues
with open hostility towards AID have been very favorably impressed
by the happinessof the couples, the high rate of demands for a second
baby by the same technique, and the strikingly low percentage of
psychological disturbances and eventual divorce. To our knowledge,
there has never been a legal complication in a case of AID in our
country.

Finally, the Clergy{Belgium has a majority of Catholics in its
population), opposed to AID on the theological grounds, has shown
through the advice of many of its priests an open-minded approach
to this problem in many cases. This indicates a sincere interest
in respecting a couple's personality within the boundaries of their
moral rules.
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The first artificial insemination in Canada was performed in
1968. We have calculated that there have been at least 1500 births
by artificial insemination over the last decade. There are currently
about fifteen nonprofit university affiliated fertility centers which
practice artificial insemination. Four of these centers possess a
liquid nitrogen bank and use frozen semen. The reasons generally ci-
ted for using these techniques are: The difficulty in recruiting
donors; an inability to grant certain requests for insemination be-
cause the ideal donor could not be found; and in certain cases, de-
sire to improve the husband's semen as in the case of oligospermia,
where the aim is to accumulate split ejaculate.

The Husband

The husband's semen is very rarely used, particularly if it is
significantly deficient with respect to any one of the parameters
considered to be essential (number, motility, morphology). 1Indeed,
using the husband in these cases always yields poor results. On
the other hand, if the husband's semen is satisfactory, it is used
for intrauterine insemination when the wife presents an insurmounta-
ble cervical problem or when antibodies exist in the cervical mucus.
None of the centers inseminate with a mixture of the husband's se-
men and that of a donor. This is sometimes requested by a husband
whose spermiogram reveals questionable fertility. We always advise
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against it. Indeed, certain centers even request the husband to
abstain from sexual relations or else to use a condom during the
insemination period.

Donors

Most of the centers(80%) use medical or dental students or stu-
dents from other schools of the university. The other centers re-
cruit their donors amongst the hospital personnel or nurses' hus-
bands or, better still, amongst husbands of pregnant or recently de-
livered patients. In short, most donors are not married and have
never given proof of fertility. They are remunerated.

Donor Selection. Most of the centers follow an almost identical
line of conduct: For a man to be accepted as a donor, the following
procedures must be performed: (1) Semen analysis with results in
the upper normal range; (2) semen culture revealing the absence of
pathogenic bacteria; (3) interview with medical history including
precise information about his family, obtained with the help of a
genetic check-list; (4) medical examination, with normal findings;

(5) blood grouping; (6) V.D.R.L.; (7) SMA-12; and (8) karyotyping.

It is to be noted that women inseminated several times during
the same cycle do not always receive semen from the same donor. This
is, however, very clearly =xplained.

The Recipient Couple

In most cases, the couple is married or else living together
in a rather stable way. However, single women are accepted for
insemination.

When sterility has been diagnosed in the man, one of two courses
of action can be pursued. On the one hand, insemination of the wo-
man can be attempted immediatly on the assumption that she is po-
tentially fertile. Investigations are performed only in the event
of failure. On the other hand, the woman can be investigated imme-
diatly and insemination attempted only if she is presumed to be
fertile. Most of the centers require only a diphasic basal tempe-
rature curve and an endometrial biopsy as proof of ovulation, com-
pleted by a normal hysterosalpingogram.

The artificial insemination consent forms used by the centers
are generally rather complete. First, all the information pertain-
ing to the donors can be found. Then, the patient is warned that
the inseminations may not lead to pregnancy. The number of cycles
during which insemination is performed is limited in some centers:
after six good cycles that is, with presumption of ovulation and
best possible timing of insemination without pregnancy, the patient
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is withdrawn from the insemination program.: Lastly, it is recalled
that if a pregnancy does occur, it is subject to all the advantages
and drawbacks of a normal pregnancy. More precisely, it has been
found that miscarriages, ectopic pregnancies and congenital malfor-
mations do not occur more frequently in pregnancies resulting from
artificial insemination.

Matching Criteria

The criteria governing selection of a donor for a recipient
couple vary from one center to another and also in function of
donor availability. An effort is made to match eye and hair color
and to find compatible blood groups except of course in cases of
rhesus incompatibility.

Techniques

Most of the centers practice intracervical insemination with
a Palmer cannula. Some perform only direct intravaginal insemina-
tion with a syringe. On both cases, inseminations are most often
carried out by nurses trained in gynecology. Lastly, certain cen-
ters practice intrauterine insemination when the indications make
it necessary.

Results

The centers which use only fresh semen report pregnancy rates
varying from 60 to 80%. The difference of 20% is due either to
better selection of women before insemination or to the presence
of associated pathological conditions such as anovulation or tubal
obstructions treated surgically in an attempt to achieve fertility
by insemination. The centers which use only frozen semen report
a lower success rate: 20 to 40%. Lastly, at least 30% of women
who have become pregnant by artificial insemination return for a
second or even a third pregnancy.

Records

All the centers keep complete records of the recipient cou-
ples. 1In most cases, these are hospital records which are kept
for many years, in accordance with each province's laws.

In general, no effort is made by the insemination center to
evaluate the product of conception. Most centers advise the patient
to give birth elsewhere. Thus, if the couple wants to keep the in-
semination secret, this makes it much simpler. The patient is re-
quested to notify the center after the birth in order to furnish
details of the pregnancy and the delivery as well as the baby's
sex and general condition.
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On the whole, records of the donors are poorly kept. They are
discarded after only a few years, and most of the centers say they
cannot identify the donor used for a given couple. This reticence
seems to result from the fear that if donors felt threatened because
they could be identified, they would be much harder to find.

Legislation

At the present time, there is none. It has been proposed that
the husband's signature be required, since it seems to be generally
agreed that a document signed by husband and wife recognizing the
use of artificial insemination makes the child legitimate and pre-
vents the husband from ever being able to disown him. The Canadian
government has created a Royal Commission to study the problems re-
lated to and caused by the use of the very simple technique known
as artificial insemination. The report of this commission will soon
be submitted to the government, which will be able to take inspira-
tion from it in formulating legislation. Furthermore, it will serve
as a guide for centers currently engaged in artificial insemination
and for those which would like to be. Such standards will also be-
come necessary if a court case ever arises in which the quality of
an act of insemination is in question.

CONCLUSION

Artificial insemination as currently practiced in Canada ren-
ders a great service. Unfortunately, there is no uniformity among
the various centers performing it because no law exists in this do-
main. The members of the Royal Commission hope that their report
will enable the legislators to formulate a law which will not check
existing practices or future innovations.
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The first Swiss semen bank for artificial insemination by donor
(AID) using liquid nitrogen as freezing agent and glycerol as pro-
tective medium was set up at St. Gallen in 1970. There are now 5
AID centres in Switzerland (Figure 1) sharing the following character-
istics: (1) The insemination centre is in a public gynaecological
clinic; (2) insemination is performed only at the hospital where
the semen bank is situated; and(3) the 5 insemination centres belong
to the Swiss Work Group for Artificial Insemination which was set up
in 1977 for the purpose of co-ordinating the activities of the cen-
tres, standardizing working methods and carrying out scientific pro-
grams on a joint basis.

Selection of Donors

Donor selection is done in the Bern, St. Gallen and Liestal
centres by the gynecologist performing the insemination and in the
Basel and Locarno centres by the gynecologist and the geneticist.

All the centres share the following criteria for acceptance of po-
tential donors: Social motivation for donating semen; normal psycho-
intellectual state; normal genetic screen; normal clinical and la-
boratory tests including those for syphilis and gonorrhoea; sperm
count of more than 40 x106 spermatozoa/ml with normal motility and
morphology; and age of donor between 20 and 40.

At the last meeting of the Swiss Work Group for Artificial
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FIGURE 1. AID centres in Switzerland

Insemination, the geneticist, Dr. Bihler, put forward a genetic test
plan for donors(Table 1). The plan has already been adopted by the
Basel and Locarno clinics.

The most controversial point is whether or not a karyotype is
performed. Dr. Gigon of Bern, for example, does not request the do-
nor's karyotype but suggests that all women conceiving after AID
have their amniotic fluid tested. The problem is an extremely in-
teresting one because, apart from the genetic applications, there
are considerations of a legal (documentation of the research done on
the donor), an economic (cost of performing a karyotype), and a moral
nature (acceptance of termination of the pregnancy on the woman's part
in the event of a positive prenatal diagnosis).

Until such time as the legal problems raised by AID are finally
clarified, it seems to us advisable to proceed as follows: Carry
out genetic screening, including karyotype, for all potential donors;
and suggest amniocenteses to all women conceiving through AID.

Population Genetics and the Number of Children from One Donor

This problem has been studied in our group by the geneticist
Dr. Moser. His conclusion is that the risk of in-breeding occur-
ring in future generations is extremely low, even if a single donor
fathers 10 or more children, that is with the condition that individuals
procreated by means of AID are distributed evenly among the popula-
tion. 1In practical terms, the problem as it concerns Switzerland
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TABLE 1. Genetic screening for potential donors

. Genealogical research

. Age(< 40 years)

. Exclusion of high-risk professions
. Exclusion of medicine or drug users

. Karyotype

1

2

3

4

5

6. Chromatopsia test

7. Audiometry

8. Blood pressure measurement
9. Urine tests

0. Perspiration test
1

. (Prenatal diagnosis for pregnancy following AID).

is governed by two factors: (1) A donor gives his semen for a period
usually not exceeding 1 year, an average of 3 to 4 ejaculates being
collected per month; and (2) a significant proportion of the cou-
ples requesting AID come from other countries, notably Italy at
Locarno, Germany at Basel, and Austria at St. Gallen.

In view of the limited period during which semen is collected
from a donor and the geographical distribution of the couples re-
questing AID, we have no problem as far as the number of children
that may be fathered by one donor is concerned. This allows us when
necessary to utilize the semen of several donors in an insemination
cycle and to safeguard the anonymity of the procedure. 1In no case,
however, is the identity of the donor mentioned on the insemination
record.

Criteria for Choice of the Donor

The only criterion of choice of the donor common to all the
Swiss centres is the couple's blood group.

At the Locarno and St. Gallen clinics, the choice also takes
account of the physical characteristics of the couple. In Bern, on
the other hand, the ejaculates of donors having the same blood group
are mixed so that it is impossible to select a donor on the basis
of the couple's physical characteristics.



38 A. CAMPANAET AL.

Semen Bank

It should first be pointed out that the use of fresh or frozen
semen varies among the Swiss centres. Basel, for example, is cur-
rently performing only fresh semen inseminations, while the centre
using the highest percentage of frozen semen is St. Gallen with 85%
(Table 2).

For freezing we use a container with liquid nitrogen, a pro-
tective medium with egg yolk, glycerol, glucose aqueous solution,
and sodium citrate, in a 1:1 concentration with the semen, it is
stored in 0.5 cc. paillettes.

Technique of Insemination

Between 0.5 and 1 ml of semen is injected for each insemination.
Normally insemination is achieved by means of the Finkentscher-Semm
cap. An average of 2 or 4 inseminations are made per cycle at in-
tervals of 24 to 48 hours.

TABLE 2. Type of semen used in AID

Fresh semen Frozen semen
Basel 100% 0%
Bern 90% 10%
Liestal 25% 75%
Locarno 40% 60%
St. Gallen 15% 85%

TABLE 3. Figures for pregnancies following AID
in Switzerland

Basel 60
Bern 454
Liestal 70
Locarno 151

St. Gallen 566

Total 1301
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Figures for pregnancies following AID

There was a total of 1,301 pregnancies following AID achieved
in the 5 AID centres in Switzerland by the end of February, 1979
(Table 3).

The centre with the highest percentage of pregnancies was
Sst. Gallen, with 43.5% followed by Bern with 34.9%.

The Swiss Work Group for Artificial Insemination

This is an interdisciplinary work group linking all the Swiss
AID centres and made up of gynaecologists, andrologists, geneticists,
biologists, biochemists, veterinarians from animal insemination cen-
tres, psychologists, and lawyers.

The setting-up of this group which hasbeen operating for a year
and a half undoubtedly represents the beginning of a new phase in
the practice of AID in Switzerland.

Besides bringing together at a national level all the gynecolo-
gists practicing AID in public hospitals, it also brings together
in an active capacity representatives of the various disciplines in-
volved in the problem of artificial insemination.
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Twelve years ago only a few births following artificial inse-
mination with donor semen(AID) had been recorded in Denmark (popula-
tion 5.1 million), while today the number exceeds 1000. Interest
in AID continues tc increase and the response may be assessed in
different ways. About 33,000 couples of a fertile age marry each
year. Almost 10% of them are expected to be infertile and of this
percentage the cause is male infertility in about one-third to one-
half. On the basis of interviews with such couples, we estimate
that about half of them wish to utilize AID which means about 500
couples a year. Furthermore, there must be some accumulation from
previous years, and of course a number of couples want more than
one child by AID.

Calculations of the use of semen portions and an estimate of
the number of inseminations performed annually at present (based upon
data from the largest clinics) indicate that 500 to 1000 couples are
treated each year. But it was not until the use of deep-frozen human
semen was systematized that the insemination could be carried out
in several centres in all parts of the country. The use of deep-
frozen semen solved a number of practical problems relating to the
employment of fresh semen. It obviates the risk that the donor and
patient might be in the same building at the same time and thereby
avoids problems of discretion as well as the necessity of having a
sufficiently large panel of donors to make sure that donor semen was
available at all times.

After the first sperm bank at Frederiksberg Hospital had been

operating for a few years} and its obvious advantages substantiated,
similar banks were gradually established in connection with other

41



42 P. E. LEBECH

gynecological departments. Recently, a sperm bank has been esta-
blished in Copenhagen which delivers semen to clinics all over the
country. As a result, AID is now performed as a routine procedure
in practically all gynecological units. Three units still use main-
ly fresh semen and a few have their own sperm bank. In most places
the waiting time has been reduced to less than one year and in some
hospitals to a few months.

Apart from the technical problems, to which a reasonable solu-
tion has been found, certain legal and ethical problems still accom-
pany AID. In Denmark and other Scandinavian countries, there is no
present legislation on artificial insemination.

In 1953 a Commission appointed by the Danish Ministry of Jus-
tice issued a Report concerning a special law on artificial insemi-
nation.?2 This' Report has never been made into an act, but it af-
fords an excellent orientation concerning the legal problems involved
in AID. It is possible to establish that a doctor in a Danish in-
stitution is entitled to carry out AID. There are no rules or laws
to prevent the doctor, woman, husband, or the donor from participa-
ting. A couple wishing insemination must submit a written request
to the doctor. It is emphasized in the Commission Report that the
doctor must select a donor and he must prevent the woman's and her
husband's identity from becoming known to the donor and vice versa.
In general, these are the rules followed in practice today.

It was pointed out in the Report that central registration of
children born after AID was possible. Some of the judicial and med-
ical members of the Commission felt that legislation on AID details
might make matters more difficult rather than easier for all parties
concerned.

The child's legal status today is perhaps somewhat uncertain,
but this problem can arise only in cases where the husband or com-
peting heirs later try to prove that the child cannot be the hus-
band's. There is no legal precedent in Denmark for such cases since
legal proceedings have never been instituted after AID. Inciden-
tally, such proceedings will rarely, or never, serve the child's
interests, and in the opinion of several Danish judges, it is quite
possible that such a case would be dismissed by the court. The do-
nor's legal status is also somewhat in doubt, but it must be clearly
pointed out to him that his collaboration does not entail any obli-
gations on his part. According to the Commission Report an action
cannot be brought against the donor as long as the general pater est
rule of the law protects the child.

Here too, the use of sperm banks in which the donor can be re-
corded by a number can ensure his anonymity, even in an extreme si-
tuation. Presumably, it is not necessary to legislate in this field,
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but in my opinion it is most important to secure legitimacy for the
child. It should be sufficient in this regard to establish that
the husband has given his permission for this procedure. Owing to
these problems we have not yet consented to inseminate unwed women.

In Scandinavia there have been several conference panel dis-
cussions on AID attended by doctors, clergymen, laywers, and gene-
ticists. There has not been any official reaction from the Church.
Occasionally certain fundamental religious objections have been
raised, but on the whole the attitude of the clergy has been ex-
tremely understanding.

From various quarters, int. al. from donors (but never from
geneticists), the risk of consanguinity and its risk of an increas-
ed occurrence of heritable chromosomal anomalies has been quest-
ioned. This risk is exceedingly small with the frequency of chil-
dren born through AID at present.

Even though a donor can be used for 20 pregnancies, calcula-
tions show that in Denmark consanguinity because of AID can arise
at most 2 or 3 times in each century.

In the course of the past few years the public has been well
informed of the practice of AID and of its legal and ethical pro-
blems through mass media presentations. This has, in fact, acted
to increase interest in AID, especially since at present, the chan-
cezof adopting a child is very small. AID still presents many pro-
blems, especially of a psychological and social nature which must
be clarified in the future.
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Judaism is very keen on family purity, and thus artificial in-
semination is subject to many prohibitions, not just in regard to
the donor, which I will later clarify, but also in regard to the
way semen is collected since the "spoiling" of semen is forbidden
by the Torah.

According to Jewish law, AIH is permitted if it is the only
way fertilization can be obtained. AID is a very complex problem and
it is completely forbidden if the donor is Jewish. This raises the
possibility that some day a man might marry his half-sister, which
is an incestual act. The child would be considered illegitimate. AID,
if the donor is not Jewish, is less condemned. It is permitted
because marriage between a Jewish woman and a gentile(non-Jewish)
is not recognized and the child is considered to belong only to the
mother. This means that not only is the child not considered a
bastard, but he is accepted as a complete Jew and is fit to fulfill
any ritual role. For the conservative Jewish population which con-
tinues to keep the customs and traditions of the religion and of
course for the rabbinical courts, acceptance of this Jewish law
makes AID treatment possible in Israel without difficulty.

Insemination in Israel has mostly been practiced in private
clinics making control of any kind quite impossible. Institution-
alized insemination was, until recently, almost non-existent and
there was a great need for establishing such an institution. Ac-
cording, we have developed a sperm bank at Afula Hospital.

The aim of our cryobank was not only to carry out freeze pre-
servation of donor semen, but also freeze preservation for hus-
band semen. This has been done in cases of malignancy(the semen
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should be collected and preserved before radiation) and today we
are preserving the collected semen of more than 45 patients after
seminoma, lymphogranulomotosis, etc., from all parts of the country.
Two childrer have been born to present by this means.

Semen can also be preserved before prostatectomy or vasectomy,
after accidents resulting in paraplegia with diminished fertilizing
capacity, in dangerous professions or high risk occupations, as, for
example, workers in a radiation environment or construction workers
who, through falls or other accidents, are prone to testicular in-
jury. Other candidates are men in military service such as pilots:
Today, all the invalid military patients with problems of fertility
are concentrated in Afula.

Previously frozen and stored semen also makes it possible for
insemination during ovulation in the absence of the husband and last,
but not least, the cryopreserved semen is very useful for medical
experiments, pooling, concentration and selection of X and Y chromo-
some-bearing spermatozoa, electronic microscopic studies, etc.

In 1974, we published the preliminary paper of our freezing
method and in 1978 we completed our work on our further developed
device for human semen freezing(Figure 1) by which the preparation
of the semen and the freezing process are reduced to a simple pro-
cedure, requiring about 5 minutes presently. The instrument itself
is based on the principle of evaporation of liquid nitrogen which
acts as a refrigerant for the freezing plated, controlled by a ther-
mostat (Figure 2). Rapid rate freezing can be performed for pellet
production and slow rate freezing for paillettes(Figure 3). A high
degree of isolation of each sample is made possible by inter-
changeable freezing plates(figure 4). Freezing of the samples
is accomplished at an initial temperature of -80°, with storage at
-196°. The protective medium has remained almost unchanged since
our preliminary report: The ratio between the semen and protective
medium is 1 ml to 0.66 ml with the protective medium being composed
of prefabricated Difco egg-yolk(40%), a 3% sodium citrate solution
(40%), glycerol(10%) and streptomycin. The freezing process has been
reduced in the last few years to 5 minutes since we have omitted
unnecessary prefreeze cooling at 5° for 15 minutes. The recovery
index for the thawed spermatozoa is from 50 to 60%.

We tried continually to find a way of improving motility of
the frozen spermatozoa after the thawing, and in 1977 we began to
add frozen caffeine pellets to the frozen semen pellets in the pro-
portion of 1:5. The caffeine solution which we prepare for
freezing in pellet form consists of 80 mg pure caffeine pulver mixed
with 10 ml of Hartman infusion solution(7 m/M final concentration).

We have succeeded in raising the motility of the thawed
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FIGURE 1. Semen freezing apparatus

FIGURE 2. TFreezing plate of semen freezing apparatus
and pellet formation
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FIGURE 3. Adjustment of freezing rate and special plate
for freezing paillettes(lower right)

FIGURE 4. Method of changing the freezing plate
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semen and the fertilizing capacity by 10%. The results of the past
four years are presented in Table 1.

At present we are the only sperm bank in Israel but in the

future another sperm bank is being planned at the University of the
Negev in Beer Sheva. We intend to cooperate with that center -and we
hope to be able to work together on the many problems for which so-
lutions are still being sought. We are also planning, after the
peace agreement in the Middle East, a co-ordination and scientific
cooperation with our colleagues in the Fertility Centers of neigh-
boring countries, especially at the University of Cairo, which we
hope will be of mutual scientific benefit.
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ARTIFICIAL INSEMINATION AND SEMEN BANKS IN ITALY

Vincenzo Traina

Contrattista Universitario
Bari, Italy

One cannot ignore that a considerable amount of criticism has
been made of artificial insemination. The strictly negative pronoun-
cement of the Catholic Church along with the impending rigour of the
law have caused Italian gynecologists to perform it with extreme
caution.

Indeed, contributions in the field of homologous insemination
may be regarded as insignificantl”4 while contributions regarding in-
semination with donor semen is restricted essentially to the work
carried out by Prof. G. Traina5'6(figure 1). Wwhen, as far back as
1943, he reported the positive results he had obtained in a few cases,
the response was one of severe criticism and disagreement. However,
he carried on with his work. Only in 1974, during the 3rd Updating
Course on Sterility in Married Couples which was held in Palermo was. it
possible to mention the work done from 1949 and after.? This work was
reported extensively in subsequent conferences and publications.8r13

After the crime of adultery, which until then had offered a
much debated opportunity of banning AID in Italy, was eliminated from
our Law in 1969, it appeared obvious that our legislation contained
no provision either defining the treatment as a crime or prohibiting
and punishing it. Thus, the doctor giving the treatment dces not
commit any crime. Still, he must be fully aware of the responsibi-
lity resting upon him and must comply with the principles of deonto-

logy.

It is my personal feeling that the future development of arti-
ficial insemination in cur country will be much the same as it has
been with other social issues such as divorce and abortion for which
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FIGURE 1. The first paper in Italy(1943) presenting
results on AID

a positive solution has been found after long and painstaking efforts
As divorce and abortion, AID appears to be one of the requirements
of a new society as is unquestionably shown by the many pressing
demands reaching our Centre from all over Italy(Figure 2) on the
part of infertile couples who want to have children and often belong
to very humble social classes.

Regarding the semen banks (Figure 3), I feel obliged to mention
Lazzaro Spallanzani14 who first succeeded in preserving human semen
by means of freezing as early as 1776. It was again another Italian
(Figure 4), Paolo Mantegazza,15 Professor in Pathology at Pavia,
whose marvellous intuition led him to suggest the establishment, in
1866, of an "iced" semen depository for veterinary use, who rather
prophetically declared "...it will then become possible to perform
artificial fertilization with "iced" semen, transported from one
country to another at high speed. It might even be that a husband
who has died on a battle-field can fecundate his own wife after he
has been reduced to a corpse and produce legitimate children after
his death...".

An important step forward was taken a century later (in 1949),
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FIGURE 2. Number of women treated in 1977-1978 in the
different distriets of Italy

when glycerol was first added to protect the spermatozoa from the
lethal effects of the freezing process. After semen preservation
was achieved, it was only a small step to the creation of semen
"banks".

Whereas efficient banks have been established in the U.S.A.
and many European countries, particularly France, in Italy AID is
still conducted with extreme caution and the fact that semen banks
have been established in other countries has stimulated rather se-
vere criticism.

SPERM BANKING: OUR EXPERIENCE

We have been able to create a bank which has been in operation
for almost a year. Our organization has been established within a
privately owned hospital and we have been working with the utmost
care, availing ourselves of the experience of our colleagues abroad.

In addition to acquiring material for our studies, our purpose
was to be able to perform AIH by enriching oligospermic ejaculates
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FIGURE 3. Lazzaro Spallanzani FIGURE 4. Paolo Mantegazza

and by banking semen for cases of voluntary induced sterility. Our
donor selection process and techniques of AI as well as our results
are described elsewhere in this volume

The Donor File

Through the cooperation of the Andrology Department of the Post
Graduate Medical School at the University of Pisa and certain spe-
cialists in Italy, we have developed a Donor File which permits all
information on the donor, medical and family history, data on per-
sonal characteristics, semen analysis, etc., to be coded. This in-
formation is kept at the semen bank and is accessible only to the
physician in charge.

CONCLUSION
To date, we have encountered no legal difficulties. The Ita-

lian law, like that of certain other countries, contains no provisions
in respect to AI, the subject being ignored altogether.
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It should be noted, however, that the semen bank has only served

our own purposes and has not been advertised. It would be desirable
to develop legal provisions such that would help avert difficulties
and dangers which might arise from an uncontrolled spreading of AID:
Such legal provisions should envision the creation of properly or-
ganized centers, offer full guarantees on the origin and preparation
of the semen, and provide adequate legal protection for the child.
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THE FIRST SPERM BANK IN SPAIN:

ORGANIZATION AND FIRST YEAR RESULTS

Simon Marina

Hospital de la Santa Cruz y San Pablo
Barcelona, Spain

The first human semen bank was set up in Barcelona by the authox.
It is a private center which opened in January, 1978.

The bank was created due to the large demand for artificial
insemination with donor semen (AID) by Spanish couples whose cause
for sterility could be attributed to the husband. Spanish civil
legislation does not refer to AID so there have been no legal diffi-
culties encountered to date.

Donors

Donors have consisted of university students, mostly in medicine,
between 18 and 30 years of age who have been recruited through ad-
vertising at the universities. Most are bachelors and all are clear-
ly informed about the destination of the semen. Once the conditions
are known, 95% accept being semen donors.

Personal and familial investigations are carried out basically
to detect pathologies of possible hereditary transmission (hyper-
tension, diabetes mellitus, epilepsy, mental disease, headaches,
etc.). Infectious diseases of the donor with possible transmission
through the semen (viral hepatitis, gonorrhea) are also considered.
General physical examination (weight, size, hair and eye, color,
cardiopulmonary auscultation, abdominal palpation) and a genital
examination (testes, penis, epididymis, vas deferens and prostate
is performed. The blood group is determined (ABO and Rh - anti D -
factor) and an Australia antigen is tested for when there is a
history of viral hepatitis.

The conditions of semen collection including an abstinence
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of 4 to 7 days and examination of the semen including cytomorphology
are standardized in our laboratory. Acceptable semens have counts
greater than 70 million/ml, grade 3 motility, 70% normal forms and
no spermatozoa agglutination.

Of 94 prospective donors, 50(53%) were rejected due to a
genital abnormality such as cryptorchidism or poor quality semen.

Accepted donors receive 1000 ptas for each semen sample and
are allowed to donate once a week. Total anonymity is guaranteed.
The motivations of the donors are three: Economic compensation, the
wish to know whether they were fertile and the wish to contribute
to the solution of the problem of sterility in couples without
children (20% were blood donors). Some samples were donations pre-

ceding a vasectomy.
Couples

All inseminated women have been married and the husband has
been determined to have a negative fertility prognosis. Information
on AID is always given to the couple. It is suggested that they
postpone the decision if either has the slightest doubt. They are
informed about donor selection, the insemination procedure, risks,
probabilities of success, the legal and religious aspects(Pius XII
and the Catholic church forbade it in 1949) and the cost.

The somatic data of the husband are obtained(weight, size,
hair and eye, color) as well as the blood group(ABO, and Rh -
anti D) of both wife and husband. No psychological study is per-
formed and no document is signed.

For the time being, we have received no request of AID from
single women. Some couples have wished to bring the semen of a re-
lative for insemination but they have been rejected. If the woman
is more than 40 years of age or if she suffers from some important
disease with hereditary basis, our present attitude has been to not
perform AID.

Freezing Technique

The freezing technique is that of Drs R. Schoysman and A.
Schoysman-Deboeck1 which incorporates a glycero-egg yolk-citrate
medium with a final glycerol concentration of 7%. The pH is adjusted
to 7.2 to 7.4 and no antibiotics are added. The semen is mixed with
cryoprotector medium in a proportion of 2 to 1 during 10 minutes.
Straws of 0.5ml are filled by aspiration (IMV, l'Aigle-France), closed
and placed in a container of liquid nitrogen where they remain stored.
Frozen samples are thawed and spermatozoa motility studied. A moti-
lity of 50% is required for use in AID. Semen culture is performed
to detect gonococci.
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The transport is made in small containers full of liquid nitro-
gen, with an autonomy of 3 days{TCB 4 L'Air Liquide). At the
present time, samples for AID are supplied to 8 gynecologists (all
from Barcelona).

For the selection of the sample, the blood groups of the cou-
ple and the weight, size, hair and eyes colouring of the husband are
taken into consideration. The Spanish population is rather homoge-
neous considering these phenotypic data so that sufficient semen
samples can be obtained without having too many donors. At the pre-
sent time, insemination can be carried out without delay.

Insemination

The thawing technique, selection of days, patterns and number
of inseminations per éycle, the placing of the cervical cap and the
hormonal induction of ovulation are aspects completely decided upon
by the gynecologist.

The cost of the semen samples for the first cycle is 15, 000 ptas
(about 3 or 4 straws). During the next months, the cost is 10, 000
ptas per set.

RESULTS

The results are reported in Tables 1, 2 and 3. Out of 103 inse-
minated women, 27 pregnacies have been obtained

TABLE 1.
Inseminated women 103
Pregnancies (1 twin) 27
Births(all normal) 5
- Males 3
- Females 2

Abortion 1
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TABLE 2. Pregnancies compared with the number of
inseminated cycles

Cycle Pregnancies
ist 8
2nd
3rd 6
3 months 21
4th 0
5th 1
6th 3
6 months 25
7th 2
TOTAL 27

TABLE 3. Pregnancies compared with ag

Age (years) Inseminated Not pregnant Pregnant

Less than 25 9 7 2

From 25 to 30 52 37 15

From 30 to 35 30 20 10

More than 35 12 12 0

TOTAL 103 76 27
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HUMAN SEMEN BANK AT THE SPANISH SOCIAL SECURITY HOSPITAL

José A. Portuondo and Abel D. Echanojauregui

Service of Obstetrics and Gynecology
Ciudad Sanitaria "Enrique Sotomayor"

de la Seguridad Social
Cruces-Bilbao, Spain

INTRODUCTION

The first Spanish human semen bank was created in Barcelona,
in January 1978, by S. Marina, MD. The first Spanish human semen
bank established in a Social Security Hospital was at the Ciudad
Sanitaria de la Seguridad Social "Enrique Sotomayor" Cruces-Bilbao
in 1978. The lay press has dedicated several issues to the human
sperm bank, which still is a novelty in this country.

There is no law regulating donor artificial insemination in
Spain. Practicing artificial insemination with donor is not against
the Constitution, but according to the General College of Physicians
and Doctors, medical practice should be kept within general ethical
principles.

MATERIAL AND METHODS

Pre-Enrolement for Infertility

Two consecutive semen analyses of the husband are performed
before non-reversible male infertility is concluded. We no longer
perform testicular biopsy in cases of azoospermia because of poor
therapeutic value. Female fertility is fully evaluated according
to the minimal procedures established by the American Fertility
Society. Basal body temperature is recorded during at least 3 cy-
cles to estimate ovulation.
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Hysterosalpingography is performed on the 8th to 12th day of
the cycle to prove tubal patency. A 24 hour urinary pregnandiol
assay is used to evaluate progesterone production. Endometrial
biopsy is performed on the 22nd to 23rd day of the cycle for the
diagnosis of ovulation and corpus luteum function. In our series,
a routine laparoscopy is scheduled for the 23rd day of the cycle
to rule out endometriosis, pelvic adhesions and anovulation.

Finally, an agreement is signed by both husband and wife to
discharge the doctor who performs the AID of medical responsibility.
A one half hour personal interview is held with each couple by a
staff doctor in order to ascertain that AID is the most suitable
procedure in their particular case.

Human Semen Banking

Donors. Three donor sources are usually accepted: Donors from
the infertility or Family Planning Clinics, who are motivated through
a previous contact with doctors (one third of our donors), donors
from the general population and donors from the University(two thirds
of our donors, travel expenses are usually paid).

In our hospital donors are selected through a complete history
and general physical examination to rule out a serious present di-
sease. Personal characteristics of blood group and Rh test, height
and weight and color of hair and eyes are noted. Donor semen ana-
lysis is performed within an hour of production, and a freezing-
thawing test is done in order to check post-thaw motility. Donor
karyotyping is carried out in 15-20% of the cases and we intend to
perform it routinely.

Semen Banking: Two cryoprotector media are mainly used in our
semen bank: a glycerol-egg yolk-citrate mixture with a final con-
centration of 7% glycerol (Table 1) or a 15% glycerol Lopata's semen
diluentl (Table 2). The semen mixed volume to volume with medium is
placed in 2ml ampoules and quick frozen in 8 minutes. A liquid ni-
trogen refrigerator (Union Carbide, England, LR10) is used for sam-
ples storage. Thawing is performed keeping the semen samples at room
temperature for half an hour or diping the ampoules in tap water for
10 minutes.

Insemination Procedure

Donor and husband characteristics are matched as much as pos-
sible. Donor blood type and Rh are matched either to the husband
or wife. Both fresh and frozen semen are used in our AID program.
It is injected through a plastic Millex cervical cup. Two insemi-
nations per cycle with one day in between are performed near the
time of ovulation. Timing of ovulation is estimated by careful
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TABLE 1. Protective Medium
For 100ml: Glucose 1.98g
Citrate 1.72g
Water 49 ml
Glycerol 21 ml
Egg yolk 30 ml

This mixture is heated at 56°C for 30 minutes.
Then 2g. of glycocol are added and the pH is
adjusted between 7.2 and 7.4, no antibiotics
are added.

TABLE 2. Compounds used for preparing the
semen diluent
Coumpound Concentration
NaCl 5.3  gm/liter
KCl 0.35 gm/liter
KH,PO 4 0.05 gm/liter
NaHCO, 3.0 gm/liter
CaC12.2H20 0.3 gm/liter
MgSO4.7H20 0.05 gm/liter
Sodium Pyrubate 0.036 gm/liter
Sodium Lactate 2.4 gm/liter
Glucose 1.0 gm/liter
spps® 2.0 gm/liter
HC1 (1N) 1.0 gm/liter
Penicilin G 100,000 1U/liter
SOOI 100,000y /tiser

examination of the cervical mucus, the length of the cycle and pre-
vious basal body temperature charts.

When needed, ovulation induction with either Clomiphene or
HMG+ HCG is carried out. When Clomiphene is used, inseminations
are done 5 and 7 days after the Clomiphene regimen is terminated.
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CONCLUSION

This is the first human semen bank located in a Social Security
Hospital in Spain and has been operating since November, 1978. Both
fresh and frozen semen are used. Donor sources are both the Infer-
tility Clinic and students of the Medical School. Two inseminations
per cycle are usually performed and frequent ovulation induction with
Clomiphene is used. There is a two month waiting list and there
is no charge for the procedure. In the first 8 months of the pro-
gram there have been several pregnancies and no complications have
been encountered.
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ORGANISATION OF SPERM BANKS

ON A NATIONAL BASIS

David W. Richardson

MRC Unit of Reproductive Biology
Edinburgh, Scotland

INTRODUCTION

There has been a considerable increase in the demand for arti-
ficial insemination with donor semen (AID) in several European coun-
tries during the past 5 years. 1InGreat Britain there was an increase
of one third between 1976 and 1977. This rise in requests for AID
is mainly due to the striking decrease in the availability of children
for adoption due to the liberalization of the abortion laws and
effective contraception.

In view of the substantially increased demand for AID, several
countries have considered establishing a nationwide system of semen
banks. This presentation will consider the organisation and opera-
tion of such banks on a national basis.

FACTORS INFLUENCING THE ESTABLISHMENT
OF A NATIONAL SYSTEM OF SEMEN BANKS

There are at least five principal factors which would influence
the organisation of a nationwide network of semen banks. These include
the financial resources designated for the service and the personnel.
The size and area of the country and the geographic distribution and
size of population are major factors, as well as whether the country
has a private or government-financed health care system. The com-
munication network within the country is important, particularly its
transportation system.

A single national semen bank with several small satellite banks
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has obvious merit and may well be feasible for countries with an
area of approximately 40,000 square kilometres and a population of

5 million ; in fact Denmark has such a system. We face problems of
a different magnitude when we consider larger countries such as
France with an area 12 times that of Denmark of the United Kingdom
and West Germany with 11 times the population of Denmark (Table 1).
In addition, the population distribution shows marked variation from
country to country. These considerations make it highly unlikely
that any common scheme for AID services would. fulfil the require-
ments for each European country, consequently we may expect to see
each country developing quite different formats for its AID services.
These differences will be accentuated because the countries have
differing forms of health care, some being based on a private system
and others on a governmental health service. My proposals concern-
ing sperm bank organisation are directed towards the United Kingdom,
but it is hoped they will be pertinent to other countries.

ADVANTAGES AND DISADVANTAGES OF
A NATIONAL SYSTEM OF AID CENTRES

The principal benefits of a national system of AID centres would
include the adoption of standardised protocols pertaining to patient
and donor selection. Each centre would have the facilities to carry
eut detailed seminal analysis and to cryopreserve and store semen.
The stringent quality control of the semen processing should ensure
uniformly high standards being maintained which in turn may improve
the success rate.

The current problems of donor recruitment should be minimized
and a panel of donors established that would encompass as wide a
variety of characteristics as possible, in order to improve the
"matching" of donor to husband. The donors should include men from
as many ethnic groups as possible. A national network should faci-
litate the inter-centre exchange of semen. It should facilitate
follow-up of the children and their families if desired.

TABLE 1. Area and population of selected European countries

Countr Area Population

y (km2) (millions)
Denmark 43,000 5
Netherlands 36,000 13
United Kingdom 244,000 56

France 551,000 53
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The system must include at least one research section which
would concentrate on optimising semen cryo-preservation methods and
the evaluation of the potential fertility of semen together with
research upon clinical and endocrinological topics allied to infer-
tility and AI. Staff from the regional banks would have the oppor-
tunity to work at the research section for certain periods. Disad-
vantages of a national system would include the loss of "local" con-
trol over the selection of donors and possible difficulties associa-
ted with the bureaucratic management of such a network.

THE ORGANISATION OF AN AID SERVICE

It is unlikely that a nationwide AID system would have direct
government backing, and in Britain some respected or independent
body would appear best fitted to develop the system.

The Royal College of Obstetricians and Gynaecologists, London,
has organised two study groups in the past three years to examine
the status of artificial insemination. It also set up a sub-
committee to make recommendations concerning AID in Great Britain.
Some of these recommendations will be incorporated during considera-
tion of the organisation of an AID service.

GENERAL CLINIC ARRANGEMENTS

It was recommended that ideally patients should not have to
travel more than 80 miles (130 km) or for longer than 3 hours for
treatment.

If possible the AID service should operate on a seven day per
week basis. The service would undoubtedly benefit from being asso-
ciated with a comprehensive sub-fertility clinic. This would mean
that counselling, patient investigation and treatment was carried
out by the staff actually involved in the AID service.

PATIENT AND DONOR ASSESSMENT

The clinical assessment of referred patients should be based
upon the protocol proposed by the WHO Task Force for the investiga-
tion of the infertile couple.

If AID is recommended and the couple have been thoroughly coun-
selled and given sufficient time to reach a mature and responsible
decision, they should not have tc wait for longer than 6 months before
starting AID treatment.

The Royal College of Obstetricians and Gynaecologists have
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produced a booklet for couples considering AID and also a consent
form drafted by their legal advisors.

Coded record systems should be used to identify the recipients,
the donors and their semen and its use in treatment. No records
should be kept which identify and link the donor and recipient by
name, and the strictest confidentiality is essential regarding pa-
tient records and notes.

The Royal College sub-committee recommended that potential do-
nors should be interviewed by medical members of the team involved
in the AID service. They emphasised that adequate numbers of donors
should be recruited before patients were accepted. It was considered
that donors should satisfy the criteria: shown in Table 2.

Donors should be told to report any symptoms of, or contact with
infectious deseases. Donor semen should be checked for gonococci,
and if frozen semen is being used, no semen should be issued for AID
until the culture test for gonococci is known to be negative.

THE INFRA-STRUCTURE OF
A NATIONWIDE SYSTEM OF AID CENTRES

A system based upon regional centres would be best suited to
the United Kingdom with its population of 56 million and the basic
structure would involve a three tier system (Table 3). The prin-
cipal component would be a series of 10-12 regional centres, syste-
matically and strategically located throughout the United Kingdom.
Each centre could serve about 5 million people.

At present there are a number of established centres which
could form the framework for this regional system. These main cen-
tres would recruit and select the donors, screen the semen, carry
out all the semen freezing and provide the major storage facilities.
They would use and approved protocol for semen preservation, and all

TABLE 2. Guide lines for selection of donors

1. No personal or family history of inheritable disorders.

2. No personal history of potentially transmissable infection.
3. Reasonable intelligence.

4. Acceptable physical appearance.

5. Responsible attitude.
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TABLE 3. The organisation of a national AID system

Tier Component

Tier 1 Regional centres (10-12)

Tier 2 Subsidiary satellite banks (city/town)
Tier 3 Individual unit or clinic bank

semen evaluation and processing records would be their responsibi-
lity. The second tier would incorporate an arrangement of subsidiary
satellite storage tanks, situated in the towns where AID centres are
located and each tank would be capable of holding semen from a least
6 donors. Requests for semen from the individual clinic or unit
pank, the third tier in the system, would have to be placed two weeks
in advance of requirement. The specimens would be sent in a retur-
nable transporter tank having a "holding"” life of 7 days. Each con-
signment of donor semen would be accompanied by a coded donor des-
cription and details of the semen, and prior to the despatch of the
specimens, a senior staff member must check the accompanying documen-
tation.

SEMEN CODING AND INVENTORY

In the regional centres the minimal information recorded upon
each stored semen would be the donor code, the date of the specimen,
and the number of semen units. A wall chart system would be used to
record the day to day use of specimens, whilst a master card or com-
puterised system would be used for management of the inventory of
reserve semen stocks. Semen would be stored in a minimum of two
tanks with each donor allotted a specific location. The specimens
would be coded and distributed so as to obviate the possibility to
mis-selection of donor semen. Clearly marked sections of the tanks
or different coloured-coded tanks would house semen from different
ethnic groups. All tanks would have a sensor-warning system to mon-
itor the levels of liquid nitrogen.

Each clinician or AID center would be requested to report their
results once every three months to the regional bank. The report
forms upon each patient would include as a minimum, the information
shown in Table 4.

A single collation unit would be set up which would keep a mas-
ter coded registry of donors and their characteristics. This unit
would also receive the results from each regional centre to enable
comprehensive records to be kept and the results of AID to be ana-
lysed. This data would provide valuable clinical and biochemical
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TABLE 4. Patient information to be returned
to collation centre

. Patient code
. Ovulation assessment result

. Number of inseminations and donor code

. Method of insemination

1

2

3

4. Dates of insemination

5

6. Post-thaw motility of semen
7

. Outcome of inseminations.

information upon the optimal parameters for predicting ovulation

and timing insemination, and basic information with regard to ferti-
lization and gamete physiology. For example, studies to evaluate

the efficacy and characteristics of semen after extended storage
could be pursued. When certain donors had achieved three pregnancies,
straws of semen from the proven specimens would be designated for
re-assessment after 1, 3, 5 and 10 years. Semen from a minimum of

20 donors would have to be evaluated for statistical validity. In-
corporated into the date retrieval system would be a programme to
monitor the numbers and outcome of pregnancies achieved by each donor.
This facility would permit semen from donors, who have achieved a
certain number of pregnancies, to be distributed to different regions
of the country.

STAFF

Each regional centre would probably require a staff of 4 or 5
consisting of a clinician in charge, a graduate biologist, a techni-
cian and one or two administrative staff. A medical social worker
would undoubtedly add considerable expertise to the service, though
he or she may form part of the team within the individual clinic.

In England, one area health authority has established a regio-
na'. AID service. The experience gained from this model may serve as
the basis for a nationwide network.

CONCLUSION
The demand for AID is increasing markedly and it would appear

that "private" semen banks will not meet the demands in Great Britain.
The best potential solution to this need is probably to set up a
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regionally based system of AID centres funded through the National
Health Service but initially organised through the auspices of the
Royal College of Obstetricians and Gynaecologists of London.

ADDENDUM
This paper presents the personal views of the author, and does

not represent the official policy or views of the Medical Research
Council.
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Computer evolution over recent years has led to a very signif-
icant reduction in their size and cost. Manufacturers are even
offering to the general public models whose capabilities are on a
par with computers considered powerful a decade ago. With new lan-
guages making communication with the machine clear and simple,
programming can be mastered relatively quickly. It is possible to
record on magnetic tape(a cassette or, better still, a minidisk) a
system with thousands of entries. The considerable space and the
speed with which data can be retrieved provide ample justification
for the use of this technology. Management programs as well can
be preserved in this way and utilized by staff having little know-
ledge of computer science with a negligible risk of error.

We undertook the project of transferring all the CECOS-Necker
records into a small memory individual computer which is simple to
use. These records concern the semen donors, the couples requesting
AID and the data required for monitoring storage of frozen semen
paillettes(straws).

The management of the bank involves the choice of a donor whose

characteristics match those of the couple making a request as well
as the recording of paillette arrival and departure.

MATERIAL AND METHODS

Computer

The machine used is a Wang 2200 B type PCS II minicomputer.
Very compact, it groups in one console the central management unit,
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a command keyboard, a cathode screen and a double system for reading
flexible minidisks.

The central unit consists essentially of a central memory di-
vided into two parts: A random access memory (RAM), immediately
available to the user, with a capacity of 16 K octets(i.e., 16 000
words of 8 bits); and a read only memory(ROM), not directly avail-
able, allowing the use of a hundred or so command instructions and
mathematical and logical functionmns.

A modified basic language is used for communication between
the user and the machine. It allows manipulation of series of al-
phabetic and numeric characters. This language uses instructions
in English but permits the operator to speak with the computer in
his own language.

The command keyboard is, on the whole, comparable to that of
a typewriter and can even be used as one. However, shifting to up-
per case produces complete basic language instructions, which con-
siderably accelerates programming and facilitates dialogue. Ano-
ther part of the keyboard is comprised of numerical keys correspon-—
ding to mathematical function, as on an ordinary desk calculator.

The cathode screen can display 16 64-character lines.

Each disk, 13/4 cm in diameter, can record 90 K octets of data
corresponding to records or to programs, both of which, moreover,
can be stored on the same disk and be retrieved through their title
in the catalogue zone.

Lastly, a rapid print out(120 characters/second) is attached
to the PCS II console and makes it possible to have access to all
indispensable information as well as considerably facilitating the
writing and use of programs.

Previous CECOS Management System

Two types of records were used in the past:

For the Donor, whose identity is strictly confidential, a card
showed: Identification number, ethnic group, blood group(ABO and
Rh), physical characteristics(weight, height, eye color, hair color
and texture), identification number for each ejaculate, number of
paillettes obtained from each ejaculate, average number (in millions)
of motile spermatozoa per 0.25 ml paillette.

For the Couple, the records consisted of cards containing the
following information:
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. Front. First and last names of husband and wife and wife's
maiden name, address, telephone number, name of referring phy-
sician and characteristics of husband and wife(ethnic group,
birth date, blood group, physical traits). If the couple
had referred a donor to the sperm bank, his number is clearly
entered on the card so as to prevent his semen from being
assigned to this couple.

. Back. Dates of insemination, number of cycles of insemination,
number of the ejaculate assigned and number of paillettes
used for each insemination and result of each cycle of insemin-
ation(success and failure).

The management of the bank involved the choice of a donor to
match the couple making the request as well as the keeping of day-
to-day records of the identity and number of paillettes taken from
the sperm bank.

New Computerized Management

Computerizing the management of CECOS-Necker required six pro-
grams and three data stores, the latter for day-to-day use as well
as for statistical research studies.

The programs developed are of two types: Creation or modifi-
cation of data stores and retrieval of stored information. It goes
without saying that other programs can be created at a future date.

Data entry programs. Three in number, each has a name (Donor,
Couple or Bank) which is automatically entered in the catalogue zone
of the minidisk, making almost instantaneous retrieval possible.

The aim of the Donor program is to enter the characteristics of new
donors. The Couple program does the same for couples who are to
receive artificial insemination. The Bank program permits entry of
technical information required to locate the paillettes in the
storage containers.

These three programs permit access to the corresponding data
stores. They have the same basic structure, each one having three
parts. The beginning of the program asks the question: Creation
of a new data store or modification of an existing one? If the
second alternative is chosen, the computer is asked to read back
the data store disk before going on. The data entered is then
placed in the central memory. The second part of the program per-
mits entry of information not yet recorded in the store relating
to donors, couples or paillettes. A correction subprogram requests
display, for example, of all the characteristics of a donor stored
in the central (RAM) memory. If an error is found, the program can
be temporarily interrupted. Correction is immediately followed by
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the reading back of the data and their display. When there is nei-
ther an error nor a change to be made, the program returns automa-
tically to start to await entry of another item. If the operator
wishes, a paper print out of this data can be obtained, either to

be placed in a library or to be used later to permit more rapid
comparison of donor and couple characteristics. When all the in-
formation has been entered into the central memory, the user requests
storage on the minidisk and the program ends.

The Donor program enters into memory the following data: Four
identification number, ethnic group, blood group(ABO and Rh),
eye color, hair color and texture, height.

The Couple program enters, for each member of the couple, the
same data as that of the Donor program, and in addition, their dates
of birth. The identification number has five figures, the first two
corresponding to the year of the first visit and the last three to
the order or registration. The fact that the identification numbers
in the Donor and Couple programs have a different number of digits
avoids all confusion between them.

The Bank program is used to enter all the characteristics of
each paillette: Color of paillettes and tubes containing them(to
locate them in the containers); number of paillettes obtained for
each ejaculate; average number (in millions) of motile spermatozoa
per 0.25 ml paillette; number of couples already assigned to a gi-
ven paillette; and number of pregnancies and miscarriages corres-
ponding to a given ejaculate(each donor is limited to five preg-
nancies) .

Data Stores. They correspond to matrices of alphanumerical
words, each element of which(letter, number or symbol) has two mean-
ings, one inherent and the other determined by its place in the
word. The matrix dimension used is governed by the size of the com-
puter's memory. For our machine, this is small, so each alphanume-
rical matrix has had to be limited to 50 couples, 255 donors or 100
paillettes. Nevertheless, the possibility of reading in succession
numerous matrices on one or two minidisks while only one at a time
is stored in the memory means that the quantity of information which
can be retrieved is considerable. The central memory of the PCS II
contains only 16 K octets, but the current state of progress in this
field will certainly make much larger memories available in the near
future without significant cost increase.

Data management programs. There are three such programs. The
first ("AFF-COU" from the French for "couple assignment") searches
the list of couples for the one whose five-figure identification
number has been called and transfers it to the central memory. The
program is then rased from the (RAM) memory. The second ("AFF-DON",
from the French for "donor assignment") transfers the Donor data
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store to the central memory and extracts from the list of donors

the one(s) possessing several characteristics in common with the
couple. When a donor has been chosen, a third program("AFF-BAN",
from the French for "bank assignment") searches the Bank data store
for the characteristics of the paillettes corresponding to the donor
chosen and displays them on the screen.

The most complex program is the one which assigns a donor to
a couple. It permits comparison of all the phenotypic character-
istics of the legal father with those of each donor. When the entire
Donor data store has been read, the identification number of those
possessing one to six characteristics matching the father's is shown
on the screen. Of course, if the phenotypes are equivalent(six
characters in common), the problem is simple. All that remains to
be done is to check that there are a sufficient number of paillettes
in the bank corresponding to this or these donors and to assign one
of them to the couple. If the match is imperfect(five or four cha-
racteristics in common, four seems to be the minimum acceptable
number), the number of characteristics in decreasing order must be
selected on the keyboard. When this has been done, the phenotype
of the donor(s) is displayed on the screen and the physician chooses
the one which seems to him most suitable, judging essentially in
terms of the phenotypic characteristics of the husband or sometimes
of the wife. Referring to the couple's characteristics, the physi-
cian can thus choose the most suitable donor from those selected
by the computer.

All the characteristics are not of the same importance for this
choice. Some are essential, such as ethnic group and Rh factor (to
prevent immunological accidents). On the other hand, the ABO blood
group of the donor may be different from that of the father when its
genetic combination with that of the mother will lead to a phenotypic
result which could have occurred naturally. The other character-
istics of hair color(five categories, ranging from blond to black),
hair texture(straight, curly or kinky), and height are used to make
the best choice possible taking into account both the husband and
wife's phenotypic characteristics, that is when no donor is available
who has six characteristics in common with the husband.

The identification number of the donor chosen is then noted and
entered when requested by the AFF-BAN program. The identification
numbers of this donor's ejaculates are then displayed on the screen.
The ejaculate finally selected depends on the number of couples to
whom it has already been assigned, the number of paillettes still
available and the AID cycle under way(since a given donor is used
at most for only three consecutive cycles; in case of failure, the
donor is routinely changed).

Screen display, or better still, paper print out, of the
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location characteristics of the paillettes sought makes it possible
to identify them quickly and easily in the storage container. The
use of the print out unit allows preservation, for each AID act
performed, of records on the characteristics of the couple, the
donor and the paillettes.

DISCUSSION

Using a minicomputer presents numerous advantages. Foremost
is that of the ability to create data stores rapidly, with instan-
taneous check by screen display, thus enormously reducing the risk
of typographical errors. Another is that of very rapid search of
large data stores, which could formerly only be done manually.

By freeing the physician from the meticulous and delicate task
of data manipulation, the computer returns to him his proper role
in the final decision once the range of choices has been reduced.
Printed data can now be collected automatically, which considerably
reduces the risk of error since the degree of compatibility between
the donor and the legal father is now known with absolute certainty.

In addition, someone unfamiliar with computers can very easily
use such a machine once the basic instructions have been mastered.
However, this raises the important problem of the confidential na-
ture of donor and couple records. Accordingly, the data stores
should be accessible only to authorized persons. Confidentiality
is much more effectively protected when the data are stored on mag-
netic tape rather than on written cards, since access to the infor-
mation recorded can be obtained only through use of a "key" composed
of an alpha-numerical code almost impossible to discover accidental-

ly.

On first glance, the main disadvantage of computerization lies
in the cost of the equipment. However, the price of presently
available small computers is in fact falling rapidly. These machines,
moreover, can serve many purposes in the center, whether for managing
other data stores or for calculations and statistical analysis.

In conclusion, computerization of sperm bank management consi-
derably increases efficiency and reliability. The development of
minicomputers has brought this technology into reach for any labo-
ratory, given the decrease in size and price of the machines and
the fact that they can be used by a staff which, while qualified,
is not really specialized in this domain.

The spread of computerized management to more sperm banks also
promises to make data centralization possible in the future. This
will make it easier to have full knowledge of all requests made and
paillettes available. Coordination of CECOS activity, at least on
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a national level, would have a positive effect on the handling of
couples requesting insemination.
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In Denmark, artificial insemination with donor semen(AID) using
using frozen semen has so far been used only to a limited extent. The
explanation seems to be that the various gynecological clinics have
not had access to a sufficiently large semen laboratory which could
check the quality of the ejaculates supplied and the reliability of
the technique used. This requirement for a central semen bank was
met by the Laboratory of the Copenhagen Health Service General Prac-
titioners which houses the largest analytical semen laboratory in
the country.

Among the Danish population there is not only an increasing
acceptance of AID, but also a demand for this treatment in cases of
childlessness due to greatly reduced fertility in the male. This
is reflected by the existence of a waiting period of up to two years
in clinics which have practiced AID with fresh semen and is due to
the fact that only a few departments outside of Copenhagen have per-
formed donor insemination. Therefore, the women from the entire
country have had to go to one of the very few centers for treatment,
a procedure which is expensive and inconvenient. Accordingly we
felt it necessary to establish a central semen bank.

Anticipating that similar demands will arise in several coun-
tries, we think that it is reasonable to describe the establishment
of a Central Semen Bank for serving gynecological departments through-
out Demmark, and to a lesser extent those in Norway and Iceland.

It is obvious, and has indeed been amply demonstrated, that the
better the quality of semen, the higher the conception rate. Since
the conception rate seems to be lower with frozen than with fresh

81



82 N. C. NIELSEN AND K. B. HANSEN

semen, we felt that we could accept only ejaculates having optimal
cellular qualities.

As noted in Table 1, we defined cptimal cellular qualities as:
A spermatozoa concentration above 80 million per ml, abnormal sperm-
atozoal heads and non-motile spermatozoa not exceeding 30%, and excel-
lent motility. Furthermore the ejaculate had to be of a volume ex-
ceeding 2 ml to afford a reasonable number of portions for insemina-
tion. 1In addition to the optimum semen gualities in the fresh eja-
culate, it was demanded that motility remain excellent after a
freezing trial and that number of non-motile spermatozoa after thaw-
ing not exceed 50%(Table 2).

Such a strict selection of potential donors ought to make it
possible for all the 0.5 ml portions of semen delivered by the Semen
Bank for insemination to contain at least 10 million spermatozoa of
excellent motility and acceptable morphology. This was secured by
freezing the total ejaculate in portions of 0.5 ml and on the next
day, thawing one of the portions to check it for the above mentioned
characteristics. It was soon apparent that the establisment of a
donor panel fulfilling the ejaculate criteria required a very large
number of candidates.

Initially about 200 donors, mainly university students, applied.
On routine semen testing in the laboratory, it was found that 25%
fulfilled the demands of optimum quality for the fresh ejaculate.
After trial freezing of these donors' semen, only half preserved an
acceptable spermatozoa motility. This is due to the phenomenon
described by Pedersen and Lebech:2 1In spite of normal morphology
an ejaculate is not necessarilly suitable for freezing. The donors

TABLE 1. Minimum requirements for donor semen
before freezing

Sperm conc. > 80 mill/ml
Non-motile < 30%
Abnormal heads < 30%

Motility excellent
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TABLE 2. Minimum requirements for donor semen
after freezing

Sperm. conc. > 80 mill/ml
Immobile < 50%
Abnormal heads < 30%
Motility excellent

who proved to have well suited semen were examined in order to make
sure that they were mentally and physically healthy. 1In Table 3, the
specific items in the medical history that we have focused on are
pointed out. 1In Table 4, items included in the objective analysis
of the donors are shown. Finally, the psychic performances of the
applicants were evaluated. At this point, the donor panel had been
reduced to about 10 to15% of those, who had originally applied.
Based upon these and the next 300 applicants who were evaluated, it
appears that only about 10-15% of the candidates can be expected to
be suitable, according to our criteria. All ejaculates supplied
are currently checked to assure that the criterion of 10 million
spermatozoa of excellent motility and normal morphology per portion
of semen is maintained. The calculations based upon the analytical
observations are performed by means of EDP.

Table 5 illustrates the change in a single semen quality var-
iable, namely the concentration of motile spermatozoa for 250 semen
samples collected over a 1 year period. That this running control
of the ejaculates is fundamental is clearly illustrated in Figure 1
where the variations of three qualities, spermatozoa concentration,
motility before freezing and motility after freezing, are indicated
for one donor during a 12 month period. The freezing method used
is essentially that described by Perloff et al.3 which is simple
and affords good results.

Figure 2 shows the location of the gynecological departments
in Denmark which receive their supplies from the Central Semen Bank
in Copenhagen. Two methods of transport are used. Within the area
of Metropolitan Copenhagen, where the semen can be sent to the de-
partments within one hour, it is ordered by telephone and transported
in a car, thawing en route. When the semen is to be used outside
this area, it is transported in liquid nitrogen. About 50 straws
are forwarded at a time since the departments are able to maintain
the nitrogen level in the transport containers. The capacity of
these is such that it is necessary to fill them up about twice a
week. This makes it possible to transport the semen by car in

Denmark, and by air to Norway.
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TABLE 3. Factors sought in medical history
of donors

. Serious familial hereditary disease
(somatic, psychiatric).

. Uro-genital disease incl. venereal.

. Fever during the last six months.

TABLE 4. Objective analysis of the donors

. Height, weight, body build.
. Hair color, eye color, race.

Blood group(rhesus), WR, GR.
. Karyotyping.

. By interview, psychic performance.

TABLE 5. Variation in semen samples collected
during one year(n = 250)

Sperm. conc. 81 + 29 mill/ml
Motility before freezing 62 + 23 mill/ml
Motility after freezing 41 + 17 mill/ml.

The use of AID offers several advantages. First, the ejacul-
ates can be evaluated by the semen analysis laboratory. Also, as
the period of the ovulatory cycle during which insemination may re-
sult in pregnancy spans only a few days, it is of utmost importance
to be able to obtain semen at this optimal time. Furthermore, pa-
tients consider it essential that the donor is as similar to their
husband as possible in regard eyes and hair color and body build.
In certain cases it is also necessary to consider the blood group.
In practice, all of these conditions can be fulfilled only by the
use of frozen semen.

For obvious reasons complete anonymity must be assured. This
is also fulfilled by the use of semen from a central bank, where
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FIGURE 1. Variation of three semen characteristics for
one donor over a 12 month period

much time may elapse between the collection of the ejaculate and
its use.

In addition, when using frozen ejaculates from a semen bank,
the result of a bacteriological culture of the semen is available
before its use. The importance of this factor is emphasized by
the fact, that Neisseria gonorrhoeae can survive deep-freezing to
- 196°c.4 we have unfortunately been able to confirm this. When
the bank was being established, three women were infected with go-
norrhoeae after insemination with semen from the same donor. Two
developed salpingitis and one arthritis of the knee. N. gonorrhoeae
were cultivated from stored frozen semen delivered by that donor.
We now perform bacteriological control for N. gonorrhoeae on every
ejaculate. This possibility does not exist when fresh semen is
used for AID.

Since each gynecological department decides upon the indications
for AID, the result for the whole country is difficult to assess.
To estimate the reliability of the freezing method and 1 possible
unfavorable influence of the transport, we selected as a reference
clinic the University Hospital in Arhus which is about 300 km from
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FIGURE 2. Location of gynecological departments in Denmark

Copenhagen. The indication for using AID in this department is that
the husband has azoospermia, severe oligospermia, or a greatly re-
duced motility. As a rule, this assessment is based upon at least
three semen samples.

Insemination was performed on 43 women, all of whom could be
considered fully fertile according to comprehensive fertility stud-
ies. As shown in Table 6, 31 pregnancies occurred in a maximum
treatment period of 9 cycles. This corresponds to a conception rate
of 73%. The mean treatment period before conception was 3.7 cycles,
while the mean period of insemination for all subjects was 5.0
cycles. Four of the pregnancies terminated in miscarriage whereas
22 patients have delivered normal children, and five are still preg-
nant. The pregnancies occurred after varying periods of treatment:
One fourth conceived in the first cycle and half of the patients
within three months.
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TABLE 6. Results of AID in 43 normal women

Pregnancies: 31(72%)
22 Normal children
4 Miscarriages

5 Still pregnant

Treatment cycles:
Maximum 9.0
Mean for all women 5.0

Mean for those pregnant 3.7

Of course, the advantages pointed out for the use of frozen
semen must be considered in terms of the conception rates obtained
by the use of fresh and frozen semen respectively. On the basis
of the literature and our own results, the advantages of frozen se-
men seem to outweigh its possibly somewhat lower pregnancy rate.
Moreover, it is not only possible, but probable, that future results
can be improved by advances in freezing techniques, and perhaps
also by more reliable methods of excluding donors whose semen cannot
tolerate freezing. Finally, it should be emphasized that the esta-
blishment and maintenance of a central semen bank supplying frozen
semen will be necessary if the entire population is to have equal
access to this treatment. Procuring suitable donors and simultane-
ously maintaining complete anonymity is difficult, if not impossible,
outside the largest cities.
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INTRODUCTION

In France, sperm banks(Centres d'Etudes et de Conservation du
Sperm: CECOS) operate in accordance with two main principles for-
mulated by Georges David:! "All sperm donations must be given volun-
tarily without payment and the donation must come from a couple who
has had one or more children". These principles were aimed at remowv-
ing the clandestine cloak from semen donation and recasting the image
of the donor in a healthier light, free from any sense of shame.
These worthy aims, however, added considerably to the existing prob-
lems of donor recruitment. Only by a greater awareness of these
problems and by greater efforts to overcome them will it be possible
for sperm banks in France to continue functioning in strict adherence
to the two principles.

The first sperm bank in France began operating in 1973. Since
then 1,200 donor couples have been recruited by the 14 banks now
functioning. Over the same period, some 6,500 couples have sought
AID treatment. Figure 1 shows the steady rise in demand for this
treatment over the years.

METHODS OF DONOR RECRUITMENT

A study was undertaken to determine not so much the reasons or
motives prompting a couple to make a semen donation but rather the
factors contributing to the final decision to donate. Donors were
found to fall into four distinct groups(Table 1, Figure 2).
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Unsolicited Volunteers. After hearing about sperm bank activ-
ities from mass media sources, these couples spontaneously volun-
teered their assistance. They have accounted for 29% of donating
couples since 1973. Over the years the number of such donors has
not grown: In fact, they constitute a declining proportion of the
donor population, of which they made up 70% in 1973 but only 18%
in 1978.

Contacts Among the Medical Profession. These couples, most of
them working in some area of medicine, were contacted directly
by sperm bank teams. They account for 17 per cent of donors and
provided the main source of sperm donations during the first year
of operation.

Donors Responding to Pleas by AID Candidates. First resorted
to in 1976, this method of recruitment has proved the most effective,
providing 34 per cent of donating couples at the start and 50 per
cent in 1978. Donors are generally relatives or close friends of
couples seeking AID treatment who were encouraged to seek volunteers




SPERM BANKS AND DONOR RECRUITMENT IN FRANCE N

TABLE 1. Number of donor couples according to recruitment method
from 1973 to 1978

1973 1974 1975 1976 1977 1978 Bilan

44 49 45 47 72 89 346
(70%) (51%) (40%) (29%) (24%) (19%) (29%)
8 31 30 40 55 43 207
(13%) (32%) (26%) (25%) (19%) ( 9%) (17%)

0 3 4 15 13 13 48
(13%) ( 3%) ( 3%) ( 9%) ( 5%) ( 3%) ( 4%)

1 14 41 114 239 410
( 2%) (12%) (26%) (39%) (50%) (34%)

8 12 20 18 33 61 152

Unsolicited volunteers

Medical worker contacts
Referred by gynecologists

Refered by AID candidate? é%)

Vasectomy

(13%) (13%) (18%) (11%) (11%) (13%) (13%)
Other 1 0 1 0 7 29 38

( 2%) ( 1%) ( 2%) ( 6%) ( 3%)
Total 62 96 114 161 294 474 1201
No. of AID request 278 671 999 1279 1558 1794 6565

themselves because of the sometimes very long time taken by sperm
banks to find suitable donors. Naturally, the AID candidates are
told that the donors they provide will not be used for their own in-
dividual treatment but rather that their help in solving the recruit-
ment problem gives them priority on the waiting list of couples
seeking AID.

There are, it is true, dangers in this approach. Some AID can-
didates may feel pressured or even blackmailed into providing donors,
"otherwise we won't get treatment". Other couples, eager or desper-
ate to cut down the waiting time, may be tempted to break the secret
of their decision, and afterwards may regret having done so. This
approach, therefore, should only be recommended to couples whose
views on the secrecy of treatment do not conflict with its implica-
tions.

The study showed that 10 per cent of AID candidates contacted
their relatives and close friends with a view to stimulating recruit-
ment.

Vasectomy Patients. Although officially unrecognized, vasectomy
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FIGURE 2. Donor couples according to recruitment method
(CECO0S)

or voluntary male sterilisation is on the increase in France. It
is becoming increasingly common for surgeons to recommend semen
preservation to their vasectomy patients, in view of a possible
later use by the patients themselves who are encouraged to visit a
sperm bank where they are given information about semen donation.
Currently one out of three vasectomy patients becomes a donor.

TABLE 2. Vasectomy candidates

1973 1974 1975 1976 1977 1978 Bilan

Number of vasectomy
candidates requesting 8 35 48 76 97 131 395
preservation

Number of vasectomy
candidates requesting
preservation and agreeing
to become a donor

12 20 18 33 61 152
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TABLE 3. Donor selection

Number of donors interviewed in CECOS 1201
Number of "acceptable" donors 747 (62,2%)
Number of rejected donors 454

Cause of donor rejection:

Genetic abnormality 15( 1,25%)
Karyotype abnormality 20( 1,7 %)
Poor semen quality 130(10,8 %)
Poor freezing tolerance 128(10,7 %)
Failure to return 132(11,0 %)
Other 29( 2,4 %)
TOTAL 454

DONCR SELECTION

To reduce risk to a minimum, donor selection is extremely strict
in French sperm banks (CECOS). Only 62 per cent of prospective donors
are accepted. Of donors initially interviewed, 11 per cent fail to
return to make their donation, possibly through inadequate motivation.
Twenty-seven per cent of donors are rejected either for poor semen
quality before or after freezing(21,5 per cent) or more rarely for
genetic or other reasons.

ESTIMATED NUMBERS OF DONORS REQUIRED

Despite recruitment difficulties and restrictive selection
criteria, can the sperm banks satisfy the demand for AID treatment?
In estimating the number of donors needed to meet this demand, three
points must be considered: Less than 50 per cent of women seeking
AID achieve pregnancies in the best results so far reported; no more
than 5 pregnancies are allowed for a given donor in order to avoid
the risk of consanguinity; and donor selection gives a donor accep-
tance rate of about 60 per cent. Theoretically, the number of donors
required can be calculated as follows:

50 1 100 _
Number of donors = Number of AID requests x Too ¥ T X %o

Number of AID requests
6
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This formula gives the minimum number of donors required, since all
variables cannot be calculated. It is not certain, for example, that
a total of 5 pregnancies can be achieved with each donor. 1In 1978,
therefore, 1,800 requests for AID treatment called for the recruit-
ment of a minimum of 1:300= 300 donors. In fact, 470 donors were
enrolled. 6

Without being overoptimistic, then, sperm banks in France can
be said to be well on the way to achieving their double aim: On one
hand, to meet the demand for artificial donor insemination and on the
other, to foster greater public acceptance of AID by providing max-
imum conditions of safety and reliability.

CONCLUSIONS

The recruitment of donor couples for AID still presents diffi-
culties. Nevertheless, despite their strict adherence to basic
principles and thanks to continuous efforts to increase public aware-
ness of their activities, CECOS are exceedingly well equipped to meet
current demands for artificial donor insemination.
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HISTORICAL SYNOPSIS OF HUMAN SEMEN CRYOBANKING
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Since history does not change, much of the information in this
brief historical synopsis of human semen cryobanking has been pre-
viously presented except for a bit of up dating with current events
and predicting of the future.

PAST HISTORY(1776-1964) (Table 1)

Spallanzani in 1776 was perhaps the first to report observations
on the effects of freezing temperatures on human spermatozoa, and
Montegazza in 1866 was the first to suggest banks for frozen human
semen. During the period of 1938 through 1945, it was observed
that some human spermatozoa could survive freezing and storage at
temperatures as low as 269° below 0°C. The possibility of preserv-
ation by freezing of significant numbers of spermatozoa for prolonged
periods subsequently arose from the successful use of glycerol as a
cryoprotective agent with bovine spermatozoa in 1949 and 1950.

The emphasis of attempts at cryopreservation, though, was placed
upon semen of farm animals, with the coincident neglect of research
on developing technics for man. It was not until 1953 and 1954 that
reports of successful research with human semen at "Dry Ice" tempera-
tures, along with the first demonstration that frozen-thawed human
spermatozoa were capable of fertilization and induction of normal
embryonic development, were made by the author and associates.

About 25 births resulting from frozen human semen were reported in
the next 9 years.

The valid question was asked in 1963 as to why, after the

95
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TABLE 1. Development of human semen cryobanking(1776-1964)

Date Contributor Contribution

1776 Spallanzani First low-temperature observations.

1866 Mantegazza First suggestion of frozen semen
bank.

1938 Jahnel -269°C survival; storage at -79°C

1940 Shettles Individual variation, aging, and
thawing.

1942 Hoagland and Pincus Vitrification principle; foam
freezing.

1945 Parkes Survival better in greater volumes.

1949 Polge, 3Smith and Parkes Glycerol as cryoprotective agent.

1953-55 Sherman Freezing rates; glycerol; preserv-
ation.

1953-55 Bunge, Keettel and First progeny from stored spermato-

Sherman zoa; dry ice method.

1954-59 Keettel et al. Sixteen births with stored sperma-
tozoa.

1958-59 sawada et al. Six births with stored spermatozoa.

1962-63 Sherman Survival factors; banking applica-
tions; nitrogen-vapor technique.

1964 Perloff, Steinberger Four births with nitrogen-vapor

and Sherman technique.

introduction in 1953 and 1954 of a simple "Dry Ice" preservation
method which maintained fertilizing capacity and resulted in normal
progeny, many banks for frozen human semen were not established and
applications reported.

The answer proposed was that perhaps the methods or religious
and legal practice, and certainly the medical practitioners, were
not ready for a program of evaluative application of human semen
preserved by freezing.

Following the evaluation of various cryobiologic factors after
1960, the author employed liquid nitrogen at a temperature of 196°
below 0°C. to develop a simple, efficient and clinically proved me-
thod for preserving human spermatozoa by freezing. Semen pre-
treated with glycerol was frozen in the vapor of liquid nitrogen,
and subsequently stored in the same container. An average cryosur-
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vival of 70%, based upon the number of moving cells, was realized.

No further loss during frozen-storage for periods up to 1 year was

noted after thawing. Four normal births were reported in 1964 from
initial clinical application of this method.

RECENT HISTORY (1964-1976)

Some highlights in research and clinical application are seen
in Tables 2 and 3.

In 1972, as in 1964, one had reason to ask why there had not
been considerably more activity in human semen banking, especially
in view of improvements since 1963 both in frozen-storage method-
ology and in medical acceptance, as well as the increased clinical
use of donor insemination with fresh semen. It was the author's
contention that conditions in medical practice, especially the re-
quisite demand for clinical application of frozen-stored semen and
the economic balance of time and effort, still were not conducive
to favorable development after 1964. As predicted in 1964, low
temperature research on human spermatozoa had not been a serious
concern of the cryobiologist. Investigative effort toward uncovering
factors associated with cryoinjury and cryoprotection of human semen
had been slight compared to the parallel period in the early develop-
mental history of bull semen banking. Impetus, demand and financial
support for research and development have been the salient factors
in accounting for the accelerated applications of frozen-stored bo-
vine semen in cattle breeding. Introduction of cryoprotection with
glycerol in 1949 was the impetus, while efficient genetic improve-
ment of livestock provided the demand. The vital requisite funding
came from commercial breeders who foresaw the enormous economic mar-
ket for semen banks in improvement of livestock through artificial
breeding with semen from select bulls.

Glycerol, the impetus for banking bull semen, had been used
routinely in small scale cryopreservation of human semen for about
two decades, but clinical demand as well as financial support from
any source, governmental or private, was wanting or inadequate.
Clinical results as of 1976 are summarized in Table 4.

CURRENT STATUS

The establishment of much publicized commercial cryobanks in
about 1972 in the United States was based primarily on the reasona-
ble expectation that millions of men would elect to store their se-
men as so called "fertility insurance" prior to undergoing vasectomy
in population control. This has since proved to be an unrealized
expectation, the economically important absence of which has slowed
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TABLE 2. Development of human semen cryobanking(1964-present)
Date Contributor Contribution
1964 Sherman DMSO unsuitable(Toxic) as cryo-
protectant.
1968 Iizuka et al. More births from semen with egg
yolk extender.
1968 Ackerman Metabolic effects: Temperature
shock, freezing-thawing.
1969 Matheson et al.; Births from semen stored in plastic
Trelford and Mueller straws.
1969 Fjallbrant and Fertility after 3-YR storage; mucus
Ackerman test.
1968-70 Ackerman and Stability of DNA, Hyaluronidase
Sod-Moriah level and citric acid in frozen
storage.
1972-73 Sherman Normal progeny from semen stored
over 1 OYR.
1974 Sherman and Char Motility and Y chromosome fluores-
cence unaltered after 13 YR or fro-
Zen storage.
1974 Barkay, Zuckerman and Pellet freezing of diluted semen;
Heiman births
1976 Sherman About 1,500 births worldwide; fewer

abnormalities and abortions than in
normal population.

considerably the growth of commercial banking.

There are now about

a dozen commercial and university-based banks in the United States,
15 national banks in France, and probably fewer than a dozen other
notable cryobanks throughout the rest of the world, including those
in Austria, Belgium, Brazil, England, Denmark, Israel, Japan, Spain
and Sweden. Based on incomplete surveys and personal contacts, with
full appreciation of limitations in coverage, an estimate in 1978

of over 3,000 births from the clinical use of frozen stored human
semen was considered conservative. Currently the figure is over
5,000. As noted, normal births have resulted from semen stored for
over ten years, and there is no evidence of mutagenic effects of
cryobanking. To the contrary, the percent of abnormal progeny is
considerably below that of the normal population. Even the abortion
rate appears slightly below the normal level. Emphasis today still
is on cryobanking for AID, but the recent awakening interest in
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TABLE 3. Research on frozen human semen(literature since 1964)

Nitrogen vapor technique confirmed as superior.

Liquid nitrogen storage confirmed as superior.

. No motility loss after 3 to 10 years frozen-storage.

. Diluents compatible with frozen-storage and fertility.

. 5-10% glycerol best cryoprotective agent.

. DMSO as cryoprotective but more toxic than glycerol.

. Latent cryoinjury phenomenon proved to be real.

. Metabolic and ultrastructural cryoinjury of many semen.

. No cryoinjury of fertility enzyme (Hyaluronidase).

. Genetic material (DNA) unchanged in 1 1/2 years frozen-storage.
. No cryoinjury of citric acid metabolism.

. Fertility maintained(cervical mucus penetration test) after 3 years
frozen-storage.

(See Sherman, 1973, for details, Table 2).

TABLE 4. Births from frozen-stored human semen® up to 197622

No. of normal children born 1,464
No. of abnormal children born 11
No. of spontaneous abortions 113
No. of pregnancies still unreported as births 71

Longest period of cryopreservation of fertility

Asia(Iizuka, Japan) 13 mo
Europe (Lebech, Denmark) 5 yr
United States (Sherman) 10%-yr
Before international shipment (Sherman United States) 6 yr

aPregnancies for births reported followed, on the average, a pro-
tocol of two inseminations of 0.5 to 1 ml of semen in each of
four cycles, aside from results of one clinician, who routinely
inseminates 14 times per cycle.
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certain applications of AIH with unique related benefits of cryo-
banking have stimulated more activity in AIH with cryobanked human
semen in both research evaluation and the clinical practice of in-
fertility. It has also emphasized the limitations of semen gquality
in realizing the potential afforded by these applications in infer-
tility therapy, along with the coincident need for improving upon
both the quality of semen used for AIH and the attendant methods for
its frozen—storage.40

Successful cryobanking extends and enriches the attributes of
artificial (therapeutic) insemination of fresh semen in infertility
therapy and population control to include applications shown in
Table 5. There is evidence of growing international interest in
semen cryobanking, as can be seen in Table 6.

Recently, the establishment of the American Association of
Tissue Banks has provided a peer group mechanism for requisite sta-
bility and quality control in cryobanking of transplants, including
human spermatozoa(Table 7). Some of the categories covered in pro-
posed standards include those listed in Table 8.

THE FUTURE

Human semen cryobanking should continue to develop in an un-
spectacular but progressive manner throughout the world. A break-
through in achieving one hundred percent cryosurvival of spermato-
zoa, if realized, will not accelerate its growth significantly, as
applications of cryobanking in clinical practice are self-limiting
and existing methods are adequate for their implementation. I pre-
dict, however, that there will be a more intense interest in cryo-
banking for AIH, primarily in pre-therapy storage and in job related
pre-exposure storage as protection against both deliberate and

TABLE 5. Applications of semen cryobanking

. Timed multiple inseminations for AIH and AID.
. Storage, pooling, concentration for AIH.
. Storage after in vitro improvements for AIK.

. Retention of fertilizing capacity in absence, death or hazard
exposure of husband or donor.

. On demand AID, with wide selection of traits.
. Pre-vasectomy storage.

. Pre-Therapy storage.
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TABLE 6. Recent contributors to cryobanking of human semen

Country Contributor

Belgium Schoysman and Schoysman

Brazil Nakamura et al.

England Wooley; Richardson

France Czyba; David; Emperaire; Guerin; Jondet
Germany Bregulla; Glender; Schill

Israel Barkay; Zuckerman

Norway Ulstein

Spain Anselmo

Sweden Friberg; Gemzell

usa Alexander; Dmowski; Ericsson; Paulson.

TABLE 7. American Association of tissue banks

1. "Incorporated in June 1976.
2. First national meeting May 1977.

3. Objectives of AATB:

A. To promote scientific and technical knowledge concerning
procurement, processing, storage, transplantation and
evaluation of cells, tissues and organs for clinical and
research use.

B. To establish codes and standards for cell tissue and organ
preservation used for clinical and research purposes.

accidental exposure to environmental agents which may compromise
fertility or, even worse, compromise development of normal progeny.
In addition, more research emphasis will be directed at improving
the quality of spermatozoa prior to cryobanking and insemination in
attempts at increasing fertilizing capacity of relatively infertile
semen.

Efforts of the American Association of Tissue Banks(AATB) and
of other such organizations will prevail in the establishment of
peer group devised standards or guidelines for cryobanking. This
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TABLE 8. Categories of standards for semen cryobanking proposed
by the American Association of Tissue Banks.

1. Missions and goals

a. General
b. Specific

2. Organizational considerations

a. General

b. Facilities and equipment
c. Personnel

d. Organizational procedures
e. Records

f. Quality control

3. Acquisition of tissues

a. Ethical/legal considerations
. Biomedical ethics
. Medico-legal aspects
b. Selection criteria-donor
. Personal history
. Physical history
. Rejection
. Genetic history
c. Procurement

4. Processing, preservation and storage of tissues

a. Semen analysis-screening
b. Semen cryobanking
c. Quality control

5. Distribution

6. Fiscal considerations.

will occur first on a national and then perhaps on an international
level to insure the efficacy and safety of cryobanking in realizing
its worthwhile clinical applications in benefiting mankind.
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QUANTITATIVE ULTRASTRUCTURAL MODIFICATIONS

IN HUMAN SPERMATOZOA AFTER FREEZING
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INTRODUCTION

Observations of decreased spermatozoa motility after freezing
have motivated investigations attempting to identify ultrastructural
cell damage from this procedure. As a result, lesions to the plasma
membrane, acrosome and certain flagellar elements have been documen-—
ted.1,7,10,12 However, these studies have been performed on sperma-
tozoa frozen in cryoprotector media. Therefore, their findings are
the result of a dual process: Cryo-aggression and cryo-protection.
A better understanding of these two processes as well as the effect
of the cryoprotector medium alone without freezing is needed and may
lead to improved efficacy of semen cryopreservation. Of the studies
that have approached the problem in this way,819 none have quantified
their results.

This study will assess the ultrastructural characteristics of
spermatozoa from the same ejaculate under four different conditions:
In seminal plasma after ejaculation; after freezing without cryo-
protector medium, and in cryoprotector medium before and after freez-
ing. A unique aspect of this study is the method of observation
which permits objective quantification of lesions, and thus valid
statistical analysis.

MATERIALS AND METHODS

Semen Collection and Preparation

The semen of four donors was used. The ejaculates were charac-
terized as a group by the following values: Sperm count > 40 million/

107
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ml, motility > 70%, abnormal forms < 40%.3 Specimens were collected
after 3 days of abstinence. After 1/2 hr of liquifaction at 37°C,
each ejaculate was divided into four equal test portions. One por-
tion(P1) serving as a control was left at 37°C for 30 minutes with-
out addition of cryoprotector medium and then placed at ambient tem-
perature. A second portion(P2) to be used for studying the effect of
the cryoprotector medium was diluted with an equivalent volume of
this medium(20 ml of egg yolk, 15 ml of glycerol, 1 g of glycerine,
100,000 1.U. of penicillin, 1.3 g of glucose and 1.6 g of citrate in
100 ml of medium). The solution was left at 37°C for 30 minutes and
then exposed to ambient temperature. A third portion(p3) used for
the study of cryo-aggression(freezing without protector medium) was
placed in 0.25 ml paillettes and then rapidly frozen in liquid ni-
trogen. The fourth portion(P4) was used to study cryoprotection
(freezing with cryoprotector medium). It was first diluted volume

to volume with cryoprotector medium, placed in 0.25 ml paillettes

and then frozen using the same procedure as with P3. After 20 mi-
nutes in the liquid nitrogen, P3 and P4 were thawed at room tempe-
rature,

Electron Microscopy

Each sample was fixed by adding 2 volumes of a 4% glutaraldehyde
solution. After centrifugation, the pellet was treated with 2% osmic
acid and then embedded in araldite. These sections obtained with an
ultramicrotome were stained with uranyl acetate and lead citrate and
then examined with an electron microscope (Sopelem) at 75 KV.

The sections were all analysed blindly by the same investigator
in that they were not identified according to the portion from which
they were taken. Only those sections providing incidences of sperma-
tozoa structures that could be used for evaluation were retained.

For each portion of the ejaculate, an analysis was made of 30 sagital
head sections including the implantation plate; 30 middle piece
sections, consisting of 15 longitudinal sections from the implanta-
tion plate to the annulus and 15 transverse sections; and 30 princi-
pal piece sections consisting of 15 longitudinal sections 3 to 5
microns in length, and 15 transverse sections at two spaced locations,
one proximal and the other distal. Therefore, data for each of the

4 different semen conditions were obtained through the analysis of

120 spermatozoa heads, middle pieces and principal pieces. This
analysis was systematically performed in that each sample was eva-
luated according to a special form which consisted of a list of all
the spermatozoa abnormalities observed in a qualitative pilot study.
The list(Tables 1, 2, 3) included 54 head, 64 middle piece and 39
principal piece modifications. The modifications, which were pre-
cisely defined, required only a positive or negative response as

to their presence.
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TABLE 1. Ultrastructural modifications of components of the head

Head lysed
Unstable Plasma Membrane Post Acrosomal Cap
absent absent
discontinuous abnormal
vesicular contour indistinct
granular discontinuous
wavy detached
swollen
Stable Plasma Membrane Nucleus
absent deformed
discontinuous condensation
wavy . abnormal
swollen one large vacuole
granular multiple vacuoles
inclusions
Acrosome nuclear membrane
asymetrical . indistinct
destroyed . a?sent
vesiculated . discontinuous
borders not parallel - swollen
not parallel to nucleus
enlarged
thinned Nuclear ring
density dissociated
. high
low Posterior nuclear space
. heterogeneous
external membrane absent
enlarged
. absent open
granular heterogenous
discontinuous wall
vesicular . swollen
- wavy . thinned
internal membrane . granular.
absent
granular
discontinuous

. wavy
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TABLE 2. Ultrastructural modifications of middle piece components

D. ESCALIER AND J.-P. BISSON

Middle Piece - lysed
Flagella - coiled.

Cytoplasmic excess

Mitochondria( cont.)

absent membrane space
large . enlarged
small . variable width
vacuolar . narrowed
granular membrane densification
lipid droplets membrane space density
. high
Plasma membrane . granular
absent cristag density
discontinuous - high
. granular
wavy matrix density
. . low
Implantation plate . granular
contour indistinct inclusions
discontinuous clear spaces
not parallel to nucleus empty
diameter abnormal
dissociated Axoneme
abnormal
Centriole deformed
abnormal disorganized
. . . tubules
contour indistinct 59
. . <9
Mitochondria indistinct contour
dispersed peritubular densification
high number radial spokes
low number indistinct
discontinuous external membrane . absent

irregular internal membrane

architecture indistinct
contents
heterogeneous

. darkly stained
form

. rounded

. dilated

. flattened
cristae

Peripherally placed

. dilated
. variable thickness
. narrowed

matrix dense

Coarse fibers

absent

excess number

reduced number
separated from tubules
decreased density
doubled

Anulus

indistinct
absent.
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TABLE 3. Ultrastructural modifications of principal piece compo—
nents

Principle piece - lysed

Flagella - coiled
Plasma membrane Fibrous sheath
absent contour indistinct
discontinuous discontinuous
irregular circumferential strands
swollen . massed
granular . dissociated
thickness
Axoneme . increased
absent . redgced
variable
deformed densit
contour indistinct ¥
. low
tubules
N >(9 + 2) . heterogeneous
N <(9 + 2) granular contour

radial spokes Longitudinal columns

indistinct
matrix absent
. dense indistinct
. granular increased volume
. enlarged contour indistinct.

peritubular densification

Coarse fibers

absent
contour indistinct
disposition abnormal
number

. > 9

. <9
fibers separated from tubules
density

low
. heterogeneous
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Statistical Analysis

The total number observations of each lesion in the 4 ejaculates
combined was used to compare the experimental portions(Py, P3, By)
to the control portion(Pj1) using a weighted difference(D) which was
calculated as follows:

_ sy - s (p1)]?
S(P1)

D

where S(Py) = The sum of a lesion in an experimental portion(Py, P3,
P4), and

S(P1) The sum of a lesion in the control portion.

The greater the weighted difference for a structural lesion, the
greater the number of lesions in the experimental as compared to
the control portion. Since the test yields a result about 2.5
times greater and is more conservative than a Chi square test, a
difference of 10 was considered to be significant. Therefore, only
differences greater than 10 have been reported.

RESULTS

The total of the differences according to structure for each
experimental portion(Table 4) is highest for P3, that is, those se-
men portions frozen without cryoprotector medium. This total is
somewhat less elevated for semen frozen with cryoprotection(P3).
The differences for samples to which only cryoprotector medium had
been added(Py) were only about half those for Pj.

Tables 5, 6 and 7 present the differences for each lesion ac-
cording to substructure between the 3 experimental portions and the
control portions. Spermatozoa exposed to cryoprotector medium alone
demonstrate only minor morphological modifications, which involve
primarily the acrosome and mitochondria(Table 5). However, when
spermatozoa in this medium were frozen, somewhat greater modifica-
tions in the acrosome and mitochondria were noted and the flagella
was also affected(Table 6). Freezing without protector medium re-
sulted in severe structural changes which included the nucleus (Table
7). Finally, in all experimental portions, an increase in flagellar
coiling was noted.
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TABLE 4. Total of weighted difference for modifications observed
in each major structural element of the spermatozoon
according to the three experimental conditions(Pg, P3, Pg4)

P2 P3 P4
Structure —
37°C in cryopro- -196°C in se- -196°C in cryo-
tector medium minal plasma protector medium
Head ' 587 1,392 707
Middle piece 167 1,397 234

Principle piece 77 791 675

Total 831 3,580 1,616
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TABLE 5. Effect of cryoprotector medium alone on spermatozoon
structure. Results are given as the weighted difference
for all ejaculates between spermatozoa in seminal plasma
(P7) and those in cryoprotector medium(Pg) before freez—

ing
Plasma membranes Mitochondria
Head membrane space -
. unstable plasma membrane . variable width 72.2
absent 32.4 contents
swollen 20 . . heterogeneous 12.1
. discontinuous 16
. stable plasma membrane Cytoplasmic excess
. 0.6 -
absent ! granular 21.8*
1 13.5
Post acrosomal cap vacuolar
contour indistinct 55.6 Flagella - Middle piece
. axoneme
Posterior nuclear space contour indistinct 11.5#
granular wall 115 . peritubular
densification 10.3
Middle piece fibrous sheath
implantation plate - density heteroge- -
. . . neous 30
. contour indistinct 36.5
) . granular contour 25
centriole -
. coiled 12.1

. contour indistinct 108

Acrosome

internal membrane

. granular 180
external membrane

. granular 72.2
density heterogeneous 65.3
destroyed 20.5

- . . . .
Modification more frequent in the control(Pq) population.
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TABLE 6. Cryoprotection: The effect of freezing on spermatozoon
structure in the presence of cryoprotector medium. Re-
sults are given as the weighted difference for all eja-
culates between spermatozoa in seminal plasma (P7) and
those frozen in cryoprotector medium(P4)

Plasma membranes Middle piece
head axonene
unstable plasma memb. . contour indistinct 11.7
swollen 34.5
. absent 20.4 Principal piece
stable plasma memb.
. wavy 20.1 ~ axoneme o
L . . contour indistinct 105.3
principle piece .
swollen 16.0 . peritubular
densification 20.0
radial spokes
Post acrosomal cap . indistinct 16.1
absent 15.1 matrix
. granular 13.5
Acrosome
density Coarse fibers
heterogeneous 231.2 granular contour 176.3
internal membrane density
. wavy 114.2 . heterogeneous 49.4
borders not parallel 68 circumferential strands
enlarged 64.2 dissociated 12.5
vesiculated 42.6
external membrane Flagella
- ravy - 379 oiled 16.6
density
. low 31.1
destroyed 10.0
Mitochondria
content heterogeneous 96.8

architecture indistincte 59
membrane densification 39.2
contents darkly stained 17.2
membrane space

narrowed ‘ 10.0
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TABLE 7.

Cryoagression:
on spermatozoon structure.

D. ESCALIER AND J.-P. BISSON

The effect of freeszing in seminal plasma
Results are given as the weigh-

ted difference for all ejaculates between spermatozoa in
seminal plasma before(Pj) and after freezing(Pz)

Plasma membranes (P.M.)

head
. unstable P.M.
. absent
. wavy
. stable P.M.
. absent
. wavy
. discontinuous
middle piece
. discontinuous
principal piece
. discontinuous

Post acrosomal cap

contour indistinct
absent

Nuclear ring
dissociated

Nucleus

membrane

. swollen

. discontinuous
condensation

. abnormal

Implantation plate

contour indistinct

Acrosome

vesicular
external membrane
. discontinuous
. absent
. wavy
destroyed
borders not parallel
internal membrane
. discontinuous

. wavy

Mitochondria
empty
dilated
131.0¢ membrane densification
12.6 membrane space
narrowed
88.2 architecture indistinct
37.5 contents heterogeneous
10.8 discontinuous external
membrane
69.0 dispersed

32.6 Cytoplasmic excess

large
granular
63 vacuolar
40.5
Middle piece
63 axoneme
contour indistinct
. radia spokes
indistinct
matrix density
26.2 . low
19.5
Principal piece
21.5
axoneme
. contour indistinct
. matrix enlarged
20.1 . peritubular
densification
coarse fibers
280.0 cont?ur indistinct
. density low
135.2 fibrous sheath
. granular contour
39.2 . .
37.9 . variable thickness
1;2:? Flagella
coiled
66
10.2

480.2

336

168.2
62.5

61.5
25.1

20.1
18
12.9

62.7

13.2

10.5

450.6
48.7

46.8

450.6
52.9

* Modification more frequent in the control P1 population.

-

* *
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FIGURE 1. Ultrastructural aspects of spermatozoa in cryo-
protector medium without freezing(Psy)

A.

Longitudinal section of a head. The unstable plasma
membrane is discontinuous; the internal acrosomal mem-
brane is granular; the sub-acrosomal space 1s heterege-
neous.

Longitudinal section of a middle piece. The mitochon-
dria have a membrane space of variable width and the
crista are clearly visible.

Transverse sections of principal pieces. The axoneme-
tubule complex is dense and the fibrous sheath has a
granular contour.
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FIGURE 2. Ultrastructural aspects of spermatozoa after
freezing in seminal plasma(Pj3)

A.

Longitudinal section of a head. The unstable plasma
membrane is absent; the post-acrosomal cap is indi-
stinct; the acrosomal external membrane and acrosomal
contents are missing; the nucleus is of diminished
density; the nuclear membrane is discontinous.

Longitudinal section of a middle piece. The mito-
chondria are empty and dilated, and have a narrowed
membrane space.

Transverse section of a principal piece. The plasma
membrane is discontinuous and wavy; the axoneme and
coarse fibers have indistinct contours; the fibrous
sheath is discontinuous and has a granular contour.
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FIGURE 3. Ultrastructural aspects of spermatozoa after
freezing in cryoprotector medium(Py)

A.

Longitudinal section of a head(anterior part). The
unstable plasma membrane is swollen and wavy. The
limiting membranes of the acrosome are wavy and their
borders are not parallel; the acrosomal contents are
heterogeneous and are of decreased density.

Transverse section of a middle piece. The architecture
of the mitochondria is difficult to distinguish and
their contents are heterogeneous.

Two longitudinal sections and one transverse section
of principal pieces. The plasma membrane is wavy; the
fibrous sheath has a granular contour and is heteroge-
neous; the axoneme and coarse fibers have indistinct
contours; the matrix is granular.
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DISCUSSION

Experimental Technique

In order to eliminate the occurrence of artefacts due to the
electron microscopic technique, the results used in this study have
been obtained by comparing spermatozoa subjected to different condi-
tions to those from the same ejaculates acting as controls,
the latter having been maintained at 37° after collection. Both
were fixed by the same method but in fact, the conditions of fixation
were not always strictly identical: Pj(control) and P3(frozen with-
out dilution) contained only spermatozoa and seminal fluid, whereas
P2 (medium only) and P4 (frozen with medium) contained cryoprotector
medium. This resulted in a certain dissimilarities in regard to cell
concentration, substances in contact with the cells and osmotic to-
nicity of the medium. This limitation, however, affects only the
interpretation of the lesions observed, not the reality of their
existence.

Effect of the Medium

A medium is used with the objective of protecting the spermato-
zoa but is itself the source of certain lesions. These lesions are
more pronounced in the head where they involve primarily the plasma
membrane and the acrosome. The special fragility of this zone, which
disappears during the acrosomal reaction before fertilization, is well
known.® Wooleyl3 has also reported these types of lesions after the
simple addition of cryoprotector medium. It has been proposed that
this is due primarily to the effect of glycerol.8,12

With only exposure to the medium, the integrity of the middle
piece is well maintained. Flagellar structures are also little af-
fected. Even though there were a certain number of coiled flagellae,
this phenomenon is typical of spermatozoa placed in any artificial
medium, especially if there are changes in osmotic conditions.5
These findings are on the whole compatible with the fact that the
percentage of motile forms is only slighty decreased in the presence
of the medium.4

Protector medium and Cryo-agression

Freezing without protection has long been known to cause the
death of spermatozoa as it does for any other cell. Previous stu-
dies have pointed out the severity of damage to the mitochondria
and acrosome, but this was not quantified.1:7 Modifications of both
the external membrane and contents of the acrosome have been report-
ed by Schill.12 Furthermore, Pedersen, in a more thorough study,
found that lesions of the acrosome were dominant,10 but he also no-
ted lesions of mitochondria and the coarse fibers. The present
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study has revealed that lesions to the spermatozoa are generalized
but affect most the nucleus and two flagellar structures, the axoneme
and the fibrous sheath.

CONCLUSION

The primary value of quantifying spermatozoa morphological al-
terations in cryopreservation techniques is to establish an order of
induced lesions according to structure. In this study, the spermato-
zoal structures most frequently affected by freezing in cryoprotector
medium were, in decreasing order, the acrosome, coarse fibers, fi-
brous sheath, mitochondria and axoneme.

From the results of this study, it is evident that the methods
of cryoprotection presently available are of limited efficacy and,
thus, research must continue in this area. In order to evaluate
new methods, it seems imperative to use a methodical system, such as
the check list developped for this study, in order to quantify ob-
served structural lesions.
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COMPARISON OF CRYOPROTECTION TECHNIQUES:

A LIGHT AND ELECTRON MICROSCOPY STUDY

Robert F. Harrison and Brian L. Sheppard

T.C.D. Department of Obstetrics
and Gynaecology

Rotunda Hospital

Dublin, Ireland

INTRODUCTION

The conveniences of freeze preserved human semen for artificial
insemination outweigh for many clinicians the fact that frozen semen
appears to be between 15-25% less effective in producing pregnancy
than similar quality inseminated fresh whole semen. 1~

An extensive literature search failed to reveal the optimum
method of cryo-preservation. Different rates of freezing and thaw-
ing are employed and various materials have been selected as the
cryo-protective diluent additive, even criteria for measurement of
effectiveness vary from department to department.

In order, therefore, to obtain the best results for our own
patients when it was decided to set up facilities for cryo-preser-
vation at Chelsea Hospital for Women, London, and subsequently at
the T.C.D. Department of Obstetrics and Gynaecology in Dublin, an
initial controlled trial of the two most commonly used methods of
cryo-preservation was set up. The aim of this study was not only
to try and discover which method gave the best results in our hands
as judged by the imperfect criterion of post-thaw motility viewed
through a light microscope, but also to use the greater discernabil-
ity and diagnostic potential of the scanning electron microscope
at our disposal. 1In the past, cryo-injuries have been related to
both the method3 and the rate of cooling.4 These consist of ultra-
structural damage to the acrosome and the mitochondria.> It was
hoped that by building in sufficient controls it might be possible
to discover changes in morphology unseen by light microscope, changes
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that could account for the superiority of one particular method of
preparation and perhaps even suggest why freeze storage reduces mo-
tility, life span and fertilization capacity of human spermatozoa
samples. 6

MATERIEL AND METHODS
Semen

Fresh masturbation samples of semen were collected from nine
fertile volunteers and a full semen analysis performed. Specimens
were halved and the relevant cryo-protective diluents added, either
a complex cryo-protective medium in a one to one ratio7‘8(containing
3.2 grams trisodium citrate, 2.2 grams fructose in 100 ml to which
is added 28 ml of glycerol; stored at minus 20°C until day of expe-
riment when 18 ml is unfrozen and 7 ml hen's egg yolk is added) or
analar grade glycerol? and mixed gently to an amount of 10% of the
total semen volume.

Samples were left for five minutes at room temperature and each
was further subdivided and placed in four suitably coded and marked
plastic ampoules.10 After standing for one hour at minus 20°C and
being suspended in liquid nitrogen vapour for eight minutes, they
were then lowered for storage into the liquid nitrogen container at
minus 196°C.

Samples from each volunteer were removed from storage for fur-
ther examination at one hour, one day, one week and one month in-
tervals after freezing. The post-thaw motility was re-assessed using
light microscopy by the same observer using a sliding scale after
slowly thawing the specimen for 15 minutes at 37°C.

Electron Microscopy (JEOL 50A)

For this study, the fresh sample and one unfrozen at one month
was used. In order to include all necessary controls for each sub-
ject, eleven samples were prepared for viewing (Table 1). Washing
and suspension was in a sodium cacodylate solution with a pH of
7.4 and when necessary centrifugation was carried out at 500 r.p.m
with a room temperature of 37°C for two intervals of 20 minutes.

A drop of each sample was fixed in osmium tetroxide(1.3%) in
0.67 molar sodium cacodylate for 30 minutes at 4°C. After removal
of the fixative by filter paper capillary action, a staged dehydra-
tion with 100% acetone was performed at 10 minutes intervals between
each stage. The cover slips were then mounted on specimen stubs and
sputter coated with gold film for viewing.
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TABLE 1. Flow sheet of specimen preparation for electron
microscopy

Specimen Procedure

Control pre-treatment

Control pre-treatment + buffer

Control pre-treatment + buffer, wash and resuspend

Pre-freeze complex medium

Pre~-freeze complex medium, wash and resuspend

Pre-freeze glycerol medium

. Pre-freeze glycerol medium, wash and resuspend

W N 00 D W N e

. Post freeze complex medium
9. Post-freeze complex medium, wash and resuspend
10. Post-freeze glycerol medium
11. Post-freeze glycerol medium, wash and suspend

12. Buffer suspension Na Cacodylate

All the specimens were scanned blind(BLS) to a magnification
standard of 1500 times and representative areas photographed with a
detail magnification of 4000 times.

RESULTS

Light Microscopy Study

Table 2 shows that in no case did the addition of the diluent
alter the initial motility assessment but in practically all the
post-thaw stages, the cryo-survival rate was greater with the com-
plex medium. Certainly, a variability in freezability11 was pre-
sent, especially when the initial motility was low. The cryo-sur-
vival rate was lower, especially when only glycerol was added. The
subjectivity of measuring motility using the light microscope, even
by the same observer, is illustrated by case 2A(Table 2) where mo-
tility appears to increase after one month compared to the one hour
value. However, in all the other cases the trend established at one
hour was maintained.

The superiority of the complex medium is demonstrated in Fig-
ure 1 which shows curves for the mean cryo-survival rate. The most
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FIGURE 1. Human spermatozoa cryo-survival rates for glycerol

and complex medium as_a function of the per%od of frozen stor-
age. Cryo-survival= Post-thaw motility x 100

Pre-freeze motility

significant fall occurs by one hour. This provides a useful quick
and accurate way of assessing freezability potential, a subject of
great importance to those in the commercial cryo-preservation field
where variability and freezability may not always be appreciated
by potential customers such as those undergoing vasectomy, medical
or surgical castration or those who may wish to procreate after
their own death.

Electron Microscopy

As shown in Table 3, two distinct features emerged from the
Electron Microscopic study. It was evident there was a highly sig-
nificant increase in disruption of the acrosomal part of the seminal
head in specimens where glycerol alone was used for cryoprotection
in comparison to all the specimens before freezing and to those which
had been frozen with the complex medium. This no doubt accounted for
the decrease in motility. It is extremely unlikely that such sper-
matozoa could retain viability and fertilization potential.

The second consistent feature was the presence of tail coiling
in all the specimens that had been centrifuged. This has been seen
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TABLE 2. Comparison of a complex cryoprotective medium(4A) and a
glycerol medium(B) before and after different freezing
periods based on spermatozoa with purposeful pro-
gressing motility

Pre-freeze

motility (%) Post-thaw motility (%)

Volunteer
Medium 1 hour 1 day 1 week 1 month
1 A 60% 60% 60% 60% 40%
60% 40% 30% 30% 10%
2 A 40% 10% 40% 40% 25%
40% 5% 10% 5% 5%
3 A 30% 30% 30% 30% 30%
30% 10% 108 5% 5%
4 A 40% 40% 25% 25% 30%
40% 20% 20% 10% 5%
5 A 60% 50% 50% 50% 50%
60% 30% 40% 20% 25%
6 A 25% 10% 10% 10% 10%
25% 10% 10% 5% 5%
7 A 50% 50% 40% 40% 40%
50% 25% 30% 25% 25%
8 A 50% 40% 40% 40% 40%
50% 40% 40% 30% 20%
9 A 30% 10% 10% 10% 10%

30% >5% 5% >5% 5%
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TABLE 3. FElectron microscope abnormal findings

Specimen Moti??g;(%) Main abnormal findings
1 60
2 60
3 40 Looped tails
4 60
5 30 Looped tails
6 60
7 20 Looped tails
8 60
9 20 Looped tails
10 30 Head disrupted
11 5 Head disrupted

in other speciesl2-13 and ascribed to osmotic disturbance of the
plasmalemma. However, human spermatozoa are thought to be independent
of the effect of glycerolation on permeability and the distribution
of these results makes it more likely that the tail coiling pheno-
menon in this case is a physical consequence of or reaction to pro-
longed circular motion. However, whether this process is reversible
is doubtful and the possible effect on fertilization potential can

be seen by the drop in mean percentage of motility in these cases
(Table 3).

Extremely high magnifications are necessary for such lesions
to be seen. This unfbrtunately is a disadvantage in that only one
or two spermatozoa can be viewed at one time making accurate enume-
ration of results, so easy with the light microscope, impossible.
Extreme care is needed in the preparation of specimens to avoid ar-
tifacts and many controls need to be built into each study. Clearly
at present, the electron microscope's best use is complimentary to
that of the light microscope in studies such as this where the su-
periority of an egg yolk citrate mix as cryo-protective agent over
glycerol is not only demonstrated, but the damage caused by cryo-
injury and perhaps even by centrifujati-n is shown as well.



COMPARISON OF CRYOPROTECTION TECHNIQUES 129

ACKNOWLEDGEMENTS

To Miss J. Stedronska, Seminology Laboratory, Chelsea Hospital
for Women and Miss Phillipu, for their technical help on the light
microscopy part of the study.

Results of this study have in part been presented at the World
Congress on Fertility and Sterility, 1978, Miami, USA.
REFERENCES
1. Behrman, S.J. In: Techniques of artificial insemination in

progress in infertility. Behrman S.J. and Kistner R.W.,
eds. Little Brown & Co, Boston, pp. 717, 1968.

2. Sherman, J.K. Research on frozen human semen, past, present,
future. Fertil. and Steril., 15:5, 1964.

3. McGann, L.E. and Farrant, J. Survival of tissue culture cells
frozen by a two step procedure at minus 196°C N° 1 holding
temperature and time. Cryo-biol., 13:261, 1976.

4. Rudiger, H., Wohler, W., von Bohmer, H. and Passarge, E. Cooling
velocity and cell recovery. Nature, 254:361, 1975.

5. Friberg, J. and Nilsson, O. Motility and Morphology of human
sperms after freezing in liquid nitrogen. 1In: Current
problems in fertility, Ingleman-Sundberg A. and Lunnell
N.O., eds., Plenum Press, New York, 1971.

6. Sherman, J.K. Improved methods of preservation of human sperma-
tozoa by freezing. Fertil. Steril., 14:49, 1963.

7. Richardson, D.W. Artificial insemination in the human. 1In:
Modern trends in human genetics, n°® 2, Emery A.E.H. ed.,
Butterworths, London, pp. 404, 1975.

8. Sadlier, R.F.M.S. The preservation of mammalian spermatozoa
by freezing. Lab. Pract., 15:413, 1966.

9. Newton, J. Current status of artificial insemination in cli-
nical practice, in: Proceedings of the 4th study group on
artificial insemination. Brudenell, M., McLaren, A. and
Short, R. Symonds, M., eds. Royal College of Obstetricians
and Gynaecologists. pp. 25, 1976.

10. Harrison, R.F., Stedronska, J. and Evans, P. A marking instru-
ment for use in cryo-preservation. Brit. Med. J., 2:6028,
1976.




130 R. F. HARRISON AND B. L. SHEPPARD

11. Beck, W.W. and Silverstein, I. Variable motility recovery of
spermatozoa following freeze preservation. Fertil. and
Steril., 26:63, 1975.

12. Bakst, R. and Sexton, T.J. Fertilizing capacity and ultra-
structure of fowl and turkey spermatozoa before and after
freezing. Reprod. Fertil., 55:1, 1979.

13. Drevius, L.O. Permiability of the bull sperm membrane,. in: Func-
tional anatomy of the spermatazoon. Afzelius B.A., ed.,
Pergamon Press New York, pp. 373, 1975.




EFFECT OF CRYOPRESERVATION ON ACROSOMAL

PROTEIN OF HUMAN SPERMATOZOA

Karl H. Broer
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INTRODUCTION

The spermatozoa coating antigen(SCA), lactoferrin, exists in
various body fluids, including seminal plasma and cervical mucus.
The highest level is to be found in the seminal plasma. Lacto-
ferrin can be demonstrated by the immunofluorescence technique and
is present on the spermatozoa in the acrosomal region.1

A statistically significant higher percentage of spermatozoa
heads are coated with lactoferrin in semen specimens with normal
spermatozoa morphology than in those containing spermatozoa with
atypical configurations.

Using lactoferrin fluorescence as a marker, we investigated
the amount of SCA during Zm vZv0 migration of spermatozoa through
cervical mucus and after the cryopreservation procedure as well.

MATERIALS AND METHODS

Human ejaculates were obtained from 13 fertile patients con-
sulting the infertility unit. The wives of these patients were
subjected to the fractional post-coital tests. Semen samples and
the material obtained from the external and internal os(within two
hours after intercourse) were smeared on slides. Following this,
FITC (Fluorescein-iso~thiocyanate) labelled antilactoferrin gamma-
globulin, obtained from rabbits(Behring AG, Marburg, W. Germany),
was used in immunofluorescence studies on lactoferrin. The percen-
tage of lactoferrin positive spermatozoa heads was calculated after
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counting a minimum of 300 spermatozoa on each slide.

To determine the specificity of the influence of LF-positive
spermatozoa, a comparative investigation was done after spermatozoa
passage through a serum albumin column.3,4 Additionally, cryopre-
servation using the Behrmann-Sawada medium and the pellet method
was performed. After storage in liquid nitrogen(Mv: 93 days) and
thawing, the spermatozoa were smeared on slides and stained in the
same manner as the untreated samples.

The FITC labelled rabbit gammaglobulin fraction(donated by
Behring Werke A.G., Marburgh, W. Germany) served as a control for
the ejaculate.

RESULTS

Both before and after im vivo penetration, the lactoferrin
related fluorescence could be clearly localized in the acrosomal
region and was easily distinguished from other fluorescent lacto-
ferrin particles in the cervical mucus(Figure 1). The proportion
of LF-positive spermatozoa heads in the ejaculates before the in
viV0 penetration ranged between 48.8% in the serum filtration study,
50.9% in the post-coital study and 51.9% in the cryopreservation

FIGURE 1. Fluorescence in the acrosomal region of a
spermatozoid
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study. The slight differences are due to individual variations and
to different days of investigation and investigators.

There was a significant decrease after im ViVo penetration in
LF-positive spermatozoa heads in the semen samples: .From 50.9%
(+ 7.8%) before penetration to 39.8%(+ 11.7%) at the external os
and down to 19.1%(+ 10.1%) at the internal os(Table 1).

The filtration assay according to Ericsson3 did not show any
significant influence on the percentage of LF positive spermatozoa
(Table 2).

The cryopreservation procedure resulted in a statistically
significant (t= 3.480) decrease of the amount of LF-positive sperma-
tozoa (Table 3). The specificity of the anti-lactoferrin-gammaglo-
bulins was demonstrated by the controls which had 1.9%(+ 1.2%) LF
positive spermatozoa after adding FITC labelled rabbit gammaglobulin.

DISCUSSION

The presence of lactoferrin on the spermatozeal head is strong-
ly correlated to head morphology, i.e. the percentage of LF-positive
spermatozoa in samples with morphologically normal heads is double
that in samples with abnormal heads, as demonstrated in a previous
study.2 This may be related to normal function of the acrosomal
region which is equiped with several proteins that are more likely
to be found in normally configurated spermatozoa heads. Whether
lactoferrin or other coated proteins are needed for the fertiliza-
tion procedure is not yet clear.

During the Zn vitro penetration of spermatozoa into preovulatory
cervical mucus, lactoferrin is partly removed as demonstrated in a
recent investigation.5 A similar phenomenon takes place during
in vivo migration through the cervix uteri as shown by the above
described results was obtained by the fractional post-coital tests.

These washing effects do not completely eliminate all the lacto-
ferrin content. The remainder might be removed during the migration
through the upper cervical region upon which post-coital tests are
now being undertaken.

SCA does wash off after spermatozoa filtration through serum
albumin, which suggests an additional specific mechanical SCA washing
effect of the cervical mucus.

The meaning of the partial removal of SCA from the spermatozoa
during im VZvo or in Vitro penetration through cervical mucus is
not fully understood and may possibily be part of the capacitation
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process. The slight, but significant decrease of the lactoferrin
content on the spermatozoal head after freezing in liquid nitrogen
leads us to conclude that the procedure may partly destroy the pro-
tein pattern of the acrosomal region.
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INTRODUCTION

The preservation of human semen in liquid nitrogen is now a
common practice which has permitted a considerable extension in the
application of artificial insemination, and whose advantages are now
well proven. However, there is one major problem with the cryo-
preservation of human semen: The incontestable drop in fertilizing
capacity. Several authors have correlated this with the reduction
in motility of a sample after thawing which is, indeed, more marked
for human semen than for the majority of domesticated species(espe-
cially cattle). It would, however, seem clear that post-thaw motil-
ity is not a sufficient criterion of fertilizing power of a frozen se-
men sample. According to Behrman "The post thaw motility of a frozen
preserved semen is not a determinant or index of its subsequent fer-
tility".3 1In addition, certain frozen semen samples appear to loose
all their fertility capacity even though residual motility is good.

Several authors have described changes in the energy metabolism
of spermatozoa after freezing,1'2'3'19 and other studies, particu-
larly on bovine spermatozoa, demonstrate modifications in the acti-
vity of certain enzymes, notably GOT and hyaluronidase.5:6,12,13,17
These two enzymes were also studied in frozen human spermatozoa by
Graham et al.ll but otherwise little is known about the modification
of enzymatic activity of human spermatozoa by freezing.

As a preliminary study, we examined the possibility that freezing
might have harmful consequences on the seminal plasma which could
then influence the gametes. Cryo-preservation causes several phy-
sico-chemical disturbances, particularly to macromolecules, and the
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motility and metabolism of the spermatozoa may well be influenced
by protein factors present in the seminal plasma.9-20 We stud-
ied the effects of freezing and thawing on the energy metabolism
of the spermatozoa by measuring their respiratory activity, an in-
dicator of oxidative metabolism, and by estimating the activities
of a large number of enzymes. The use of a semi-quantitative ana-
lytical system allowed us to study the activities of 65 different
enzymes on samples before and after freezing.

MATERIALS AND METHODS

Ejaculates were obtained from healthy donors, and complete
spermiograms were performed. The samples were allowed to stand for
30 minutes then diluted with an equal volume of a standard cryo-
protective medium containing 10% glycerol (final concentration), egg
yolk, sodium citrate, glycine, and glucose as described by Ackerman.

Preparation of samples

For studies on the effect of freezing on the seminal plasma
the mixture of semen and cryoprotection medium was divided into two
equal fractions which were centrifuged at 600 g for 10 min. Each
cell precipitate was resuspended in 2 ml of buffered Krebs-Ringer
solution. One of the supernatants was left at room temperature for
10 min while the other was frozen in liquid nitrogen, kept frozen
for a short time and then thawed at room temperature. After a fur-
ther centrifugation, one of the cell precipitates was resuspended
in the untreated seminal plasma and the other in the frozen and thaw-
ed sample.

For studies on the freezing of the spermatozoa, the mixture of
semen and cryoprotection medium was placed in sealed straws of 0.25
ml capacity. These were then frozen in a horizontal posgition, usual-
ly in nitrogen vapors with two intermediate stages10 but at times in
a programed freezing apparatus as previously described.’ After the
storage period, the straws were removed from the liquid nitrogen and
allowed to thaw at room temperature.

Motility

The percentage motility was initially estimated by careful
observation under a phase contrast microscope. At present we use
a spermokinemeter (SKM100) which uses the optical Doppler effect to
provide precision measurements of the percentage of motile forms
and the mean characteristic instantaneous velocity of the population
at 37°c.8-14
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Oxygen Consumption

Oxygen consumption was measured by a polarographic method using
a Clark electrode in a chamber at -37°C. The true respiratory acti-
vity of the spermatozoa was obtained by subtraction of the oxygen
consumption of the mixture of seminal plasma and cryoprotector me-
dium prepared by high speed centrifugation from that of the total
sample.

Measurement of Enzyme Activity

Spermatozoa were resuspended in hypotonic solution and submit-
ted to brief sonication. This homogenate was centrifuged at high
speed and the supernatants were used for enzyme testing. A semi-
quantitative colorimetric method (API ZYM: API system, Montalien-
Vercien, France) allowed the simultaneous estimation of 65 enzyme
activities(8 dehydrogenases, 19 hydrolases and 38 amino-peptidases)
13-19 and a precise spectrophotometric method based on the eleva-
tion of optical density associated with the reduction of NADP was
used for accurate measurements of activities of two enzymes, glu-
cose 6-phosphate dehydrogenase(G6PD) and 6-phosphate gluconate de-
hydrogenase (6PGD) .

Statistical Tests

Results were compared using the pairs test derived from Stu-
dent's test.

RESULTS

The results concerning the effect of freezing seminal plasma
on the unfrozen motility and oxygen consumption of unfrozen sperma-
tozoa from 13 donors are summarized in Table 1. The characteristic
instantaneous velocity is identical for the two samples, and the
slight reduction in percentage motility and in oxygen consumption
are not significant.

The effects of freezing and thawing on spermatozoa are shown
in Table 2. The percentage motility is in general severly reduced
after freezing and thawing. The residual motility was calculated
using the classical formula:

% motility after thawing

% motility before freezing x 100

Residual motility:

The mean value for the 20 samples tested was 38%, but the va-
riations between individuals were considerable.
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TABLE 1. Effects of seminal plasma freezing and thawing
on motility and Og consumption of spermatozoa
(velocity expressed as wm/s; Oy consumption
expressed as ul 02/108 spermatozoa/hour). Va-
lues represent the mean of 13 measurements.

Untreated Frozen seminal
seminal plasma plasma
Motility (%) 47 43
Mean velocity 52 52
0, consumption 4,6 3,4

2

TABLE 2. Effects of deep freezing on motility, Og con—.
sumption, and enzyme activities in thawed sper-
matozoa. (0g consumption expressed as ul 02/108
spermatozoa; enzyme activities expressed as
m.I.U./108 spermatozoa). Values represent the
mean of 20 measurements for percentage of motil—
ity and 09 consumption, and the mean of 10 measu-
rements for enzyme activities.

Before After % of
freezing thawing  recovery
Motility (%) 72 27 38
02 consumption 5.35 1.95 36
G6PD activity 4.30 1.39 33
6PGD activity 14.2 9.23 65

Oxygen consumption appears to be still more seriously diminished.
The difference between the two samples is significant(p < 0.01) and
remains so even when motile spermatozoa are considered alone(p < 0.02).
The variability between individuals is also greater than that observed
for motility, and the individual values of these measurements for the
first 10 individuals tested(taken in order of their arrival at the
clinic) are tabulated in Table 3. It can be seen that for 4 indivi-
duals the respiratory activity virtually disappeared after freezing
and thawing although the residual motility remained satisfactory.

Testing of the enzyme activities by the API ZYM technique showed
that all hydrolase and peptidase activities detectable in fresh sper-
matozoa were preserved after freezing and thawing within the limits



BIOCHEMICAL MODIFICATIONS OF FROZEN SEMEN 143

TABLE 3. Individual results concerning the effects of deep freezing
on spermatozoa respiratory activity(Z0g denotes ul 02/108

_epermatozoa/hour) .
Donors Z07 (before Z'05 (after (z'Z)x 100 Percentage
freezing) thawing) (residual 05 of residual
consumption) motility
1 10.8 7.3 68 40
11 3.3 5.8 176 45
ITI 8.7 0 0 30
v 7.0 2.7 39 40
\ 6.8 0.7 10 30
VI 8.2 2.9 35 50
VII 8.0 0.2 3 35
VIII 4.3 1.5 35 40
IX 5.4 0 0] 30
X 2.7 0 0 20

of sensitivity of the method. BAmong the dehydrogenases, lactate de-
hydrogenase (LDH) appears to be unaffected (within our limits of sen-
sitivity), while 6PGD and especially G6PD activity are markedly re-
duced after freezing and thawing. This reduction was consistently
observed on over 50 samples and was independant of the freezing me-
thod used (programed apparatus or manual freezing in nitrogen vapors).
These observations were confirmed by a precise spectrophotometric
measurement of these enzyme activities for 10 donors(Table 2). For
these cases, 65% of the initial 6PGD activity remains after freezing,
but only 33% of the initial G6PD activity.

As with respiratory activity, we have observed that some. sam-
ples appear to loose all their G6PD activity after freezing and thaw-
ing. 1In order to determine whether the loss of activity was due to
destruction of the enzyme or to leakage from the spermatozoon, we
tested the enzyme activity of total samples(spermatozoa plus suspen-—
sion medium) before and after freezing and thawing. No significant
difference could be found between such samples and we conclude that
the loss of activity corresponds to a leakage of enzyme from the
spermatozoon to the surrounding medium under freezing conditions.
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DISCUSSION

Deep freezing in liquid nitrogen does not appear to cause modi-
fications in components of the seminal plasma which affect the me-
tabolism of the spermatozoa. Neither motility nor respiratory acti-
vity are affected when spermatozoa are suspended in seminal plasma
which has been frozen and thawed in the presence of a cryoprotector
medium. Eliasson? and Trifunac et al.20 have independantly demons-
trated the presence of a factor present in the seminal plasma which
could depress the respiratory activity of spermatozoa. This factor
is thermolabile,20 but does not appear to be affected by deep free-
zing.

In this study we show that there are several different levels
of alteration of the cell by deep freezing. The oxydative metabolism,
as reflected by oxygen consumption, is severely affected. This agrees
with the observations of Ackermanl=2 who showed that freezing caused
a deviation of the metabolism towards the glycolytic pathway, and
confirms the results of Sawada et al.l9 although the spermatozoon
respiration was measured in a completely different manner. The to-
tal loss of respiratory activity in certain frozen samples is inter-
esting and might in some way explain the loss of fertilizing power
of certain spermatozoa despite their rentention of a satisfactory
residual mobility.

Of all the enzyme activities tested, only those of the two de-

hydrogenases of the hexose monophosphate shunt appear to be diminished
after freezing, especially that of G6PD which may sometimes be no long-
er detectable .. These two enzymes, and therefore the pentose pathway
are lacking in the spermatozoa of certain species, notably cattle.16
In human spermatozoa this metabolic pathway would appear to play an
important role: In the absence of appreciable biosynthetic reactions
in the mature gamete, it must serve to produce energy through aTpl8
If this function. is disturbed as well as that of the oxydative path-
way, it is not difficult to imagine that the fertilizing capacity of
the spermatozoa could suffer. The reduction in G6PD activity cor-
responds to a release of the enzyme into the surrounding medium.
These observations are in agreement with those on Ram spermatozoal6
in which the concentration of G6PD in the seminal plasma increases
after freezing, and those on human spermatozoa in which there is a
release of GOT, LD‘T,andhyaluronidase.11

It is well known that the effect of freezing on cell membranes
is to increase their fragility; since G6PD appears to be particularly
sensitive to this action, the measurement of its residual activity
might constitute a good estimation of the state of the plasma mem-
brane and be a useful indirect morphological criterion of the effects
of freezing.
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Our results show that the motility, respiration and G6PD acti-
vity are reduced by essentially the same percentage if one considers
the mean values(Table 2). We have, however, observed that these mo-
difications were rarely of the same magnitude in an individual sam-
ple. This is not surprising since the the different lesions invol-
ved do not depend upon a single mechanism; the reduction in motility
more probably reflects a lesion in the flagellar mechanism than a
disorder of energetic metabolism, at least initially. The apprecia-
tion of the success of freezing a semen sample should therefore be
based upon several criteria rather thanupon a single one(residual
motility being frequently the only measurement considered at the
present). In addition, attempts to improve the fertilizing power
of frozen semen should take into account all the different aspects
of cell alterations induced during freezing and thawing.
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INTRODUCTION

A decrease in spermatozoa motility is the most striking effect
of semen freezing. Although motility is the semen characteristic
which correlates best with fertility in bovines,1 the same type of
relation has yet to be demonstrated in man.2_6 Nevertheless,
the majority of investigators who have evaluated the effect of freez-
ing techniques or frozen storage on the gamete have chosen motility
as their primary parameter. This choice may be due, in part, to the
simplicity of estimating motility by microscopic examination. Un-
fortunately, the examination of one drop of semen between a glass
slide and coverslip is very subjective and can be the source of many
errors. Accordingly, it is difficult to make valid comparisons among
samples tested under different experimental conditions or in differ-
ent laboratories.

Laser Doppler Velocimetry(LDV) has permitted objective and rap-
id measurement of the number of motile cells in a spermatozoa pop-
ulation as well as the determination of their velocity distribution.
LDV is used in this study in order to quantify modifications in sper-
matozoa motility, particularly in respect to the influence of ini-
tial semen quality, dilution in cryoprotector medium and freez-
ing and thawing procedures.
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MATERIALS AND METHODS

The study consisted of two parts. The first was carried out
on a series of 90 ejaculates obtained from 48 men with proven fertil-
ity who wished to store their semen prior to vasectomy. Their semen
was tested for spermatozoa motility, modal velocity and velocity
distribution under the following conditions: In seminal plasma and
before freezing and after thawing in cryoprotector medium.

The second part. of the study was performed with 5 ejaculates
from student wvolunteers which were evaluated for motility and vital-

ity under the same three conditions described above.

All ejaculates were collected at the laboratory by masturbation
following a mean period of abstinence of 3.54 + 0.13 days.

Freezing Technique

After 30 minutes of liquifaction at 37°C, the semen was diluted
volume for volume(i:1) with a cryoprotector medium containing gly-
cerol(15%), egg yolk, glucose and citrate.? The mixture was left
15 minutes at ambiant temperature and then distributed into 0.25 ml
paillettes(straws). The paillettes were immediately frozen by plac-
ing them in a horizontal position in vapors of liquid nitrogen
(-60°C) for 7 minutes. They were then put into the liquid nitrogen
for storage.9 Thawing took place on the same day by exposure for a
few minutes to ambiant temperature.

Measurement of Motility

The laser doppler velocimeter is able to analyse variations
in the frequency of light scattered by motile spermatozoa. It is an
objective and rapid method which requires only a very small quantity
of semen. An example of a frequency spectrum of scattered light
for one semen sample is given in Figure 1. Each frequency of the
spectrum corresponds to a density of spermatozoa for which the re-
lationship between velocity and the frequency of scattered light
is explained by the Doppler effect. Thus, it is possible to plot
the velocity distribution of a spermatozoa population through the
point by point derivation of the spectrum frequencies. The number
of motile forms is related to the density of the spectrum.

For raw human semen, the spectrum of scattered light lies under
100 Hz and is nearly always exponential, corresponding to a unimodal
Poisson-type velocity distribution. In this case, the semi-log-
arithmic expression of the frequency spectrum yields a straight line,
the slope of which represents the mode of the velocity distribution.
This mode has been termed the characteristic velocity(vc).
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FIGURE 1. Frequency spectrum of scattered light for one
semen sample expressed directy(B) and logarithmically(A).

LDV measurements are made on a small portion of the semen which
is placed into a 100 um deep well with a volume of 17 mm3 in a block
of optical glass. All measurements are performed at 37°C.

Measurement of Vitality

Five ejaculates were studied for vitality. Measurements were
carried out on samples of raw semen and semen in cryoprotector me-
dium both before and after freezing.

A 50 pl portion of spermatozoa sample was mixed with 50 ul of
a 0.5% ethidium bromide solution and 20 ul of a 0.00025% acridine
orange solution. This results in fluorescent staining of the sperma-
tozoa; the living cells are colored red and the dead cells, green. For
each measurement, 200 cells were counted.
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RESULTS

Semen freezing after dilution in cryoprotector medium did not
cause any modification of the frequency spectrum of scattered light
which remained exponential in all cases(Figure 2). This signifies
that the unimodal Poisson-type velocity distribution remained un-
changed under the conditions of this study(Figure 3). Only the
slopes of the semi-logarithmically plotted spectra were found to va-
ry which corresponds to differences in the number and velocity of
the motile spermatozoa. Therefore, it is possible to compare their
characteristic velocities(modal velocity) under different experi-
mental conditions.

As shown for one ejaculate in Figure 2, the dilution in cryo-
protector medium does not change the percentage of motile spermato-
zoa (74% versus 77%) but does result in an increase of characteristic
velocity(75 u/s versus 59 u/s). Conversely, after thawing, there is
a large drop in the percentage of motile spermatozoa(45%) whereas the
characteristic velocity is little changed(69 u/s).

FIGURE 2. Frequency spectra for one semen sample in seminal
plasma and before freezing and after thawing ip cryoprotector
medium.



EFFECTS OF FREEZING ON SPERMATOZOA MOTILITY 151

Seminal plasma

‘ Cryoprotector medium:
Pre -freeze sssssss
Post - thaw —===

|

ettt ea,
ot
.

.
o..-.
.

NUMBER of SPERMATOZOA (.10°)

50 100 150 200
VELOCITY ( ps-1)

FIGURE 3. Velocity distributions for the spectra
presented in Figure 2.

Spermatozoa Motility

The percentage of motile spermatozoa in the 90 ejaculates
studied are presented in Figure 4. The mean motility is 77% * 1.8
in seminal plasma, 65% + 1.9 in cryoprotector medium and 41% + 2.1
after thawing. The motility recovery rate(MRR), that is the per-
centage of motile spermatozoa recovered after freezing, was deter-
mined as follows:

$ Motile spermatozoa after thawing
% Motile spermatozoa in seminal plasma

MRR =

For the 90 ejaculates tested, the MRR varied from 0.10 to 0.95
and the mean MRR was 0.53.

The MRR was not correlated with the length of abstinence prior
to semen collection(r = 0.08). However, it was correlated with cer-
tain other semen variables: Sperm count (r = 0.39, p < 1074, per-
centage of normal forms (r = 0.42, p < 10'2) , percentage of motile
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FIGURE 4. Percentage recovery for motile spermatozoa (MRR)
as a function of initial motility.

FIGURE 5. Distribution of the 90 ejaculates studied as
a function of the percentage of motile spermatozoa in
seminal plasma and before freezing and after thawing in
cryoprotector medium.
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spermatozoa(r = 0.45, p < 10-5), and concentration of motile sperma-
tozoa(r = 0.45, p < 10-5) (Figure 5).

The two stages of the freezing procedure can be considered se-
parately: The MRR after dilution in cryoprotector medium but before
freezing was not correlated to the initial concentration of motile
spermatozoa(r = 0.058), whereas there was a correlation between the
initial4concentration of motile forms and the post-thaw MRR(r = 0.42,
p < 107%).

Characteristic Velocity (Vc)

The results for the Vc are presented in Figure 6. In the se-
minal plasma, the mean Vc was 57 p/s + 1.84. There was a signifi-
cant increase in Ve after dilution in cryoprotector medium(67 u/s
+ 1.66, p < 0.01) which disappeared after freezing(59 u/s + 1.76).

As for motility, the proportion of Vc recovery or Vc recovery
rate(VRR) can be calculated as follows:

Vc after thawing

VRR = - -
Vc in seminal plasma

For the population studied, the mean VRR differed little from
1. However, there was a marked within group variability(0.49 to
1.47). Individual VRR results were not found to be correlated with
either spermatozoa concentration in seminal plasma(Figure 7) or the
initial Vec(r = 0.17).

Evolution of Motility and Vitality

Assessments of motility and vitality as a function of time
and medium were made on 5 ejaculates which presented different per-
centages of motile forms and different initial Vc levels in seminal
plasma. In order to compare the results for different experimental
conditions, the ratio of experimental to initial seminal plasma
values was determined. In seminal plasma alone, there was a regular
and progressive decrease in the percentage of motile forms; this
decrease being 15% at 1 hour, 25% at 4 hours(Figure 8). Dilution
in cryoprotector medium results in an immediate 15% decrease in the
percentage of motile forms after which the evolution of motility
loss parallels that of the seminal plasma. Spermatozoal vitality
is little modified under the same conditions.

After thawing, there is a marked decrease in vitality which
is 40% lower than that observed in seminal plasma. The decrease in
the percentage of motile spermatozoa after thawing is of the same
order, at least for the first 30 minutes. After 30 minutes, motility
is lost at a greater rate than in unfrozen samples.
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FIGURE 6. Distribution of the ninety ejaculates as a
function of characteristic velocity in seminal plasma and
before freezing and after thawing in cryoprotector medium.

FIGURE 7. Proportion of post-thaw recovery of motile
spermatozoa as a function of initial concentration in
seminal plasma
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FIGURE 8. Evolution of the percentage recovery for
spermatozoa motility and vitality as a function of time
under different conditions: In seminal plasma, and before

freezing and after thawing in cryoprotector medium(D denotes
dilution and C, freezing).

FIGURE 9. Evolution of the characteristic velocity as a
function of time in seminal plasma and before freezing and
after thawing in cryoprotector medium.
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As for the Vc, it is stable in seminal plasma for the first
hour but then decreases progressively to two-thirds of its initial
value (69%) after 4 hours, dilution in cryoprotector medium causes
the Vc to rise initially, but this is followed by a decrease in the
Vc which is more rapid than that for spermatozoa in pure seminal
plasma. After thawing, the drop in Vc is both early and marked.

DISCUSSION

This study has confirmed that the freezing of semen results in
a large drop in the percentage of motile spermatozoa as has been
described by many authors. The decrease in motility was par-
alleled by a decrease in the proportion of living spermatozoa.
Through laser Doppler velocimetry(LDV), it has been possible to de-
monstrate that the velocity distribution and modal velocity(Vc) of
a spermatozoa sample is stable in the first 15 minutes after thawing.

The post-thaw recovery rates for motile spermatozoa after freez-
ing reported by different investigators are quite variable but their
studies were not uniform in regard to subjects studied, freezing
techniques and measurement methods. In this study in fertile men,

a mean recovery rate of 53% was obtained.

Two questions are raised by the above observations: (1) What
is the role of technical conditions; and(2) are all the spermatozoa
affected in the same way by freezing? 1In regard to technical con-
ditions, dilution in cryoprotector medium resulted in a decrease in
motile forms, an increase in velocity but little or no change in
vitality. The modifications of motility and velocity may have been
due to a "dilution effect" as described by Whitell and analysed by
Freund and Wiederman.l2The latter authors found, however, that mo-
tility did decrease at high dilutions. Conversely, Matheson et al.>
consistently observed 10 to 20% drops in motility with dilutions of
only 1/2(1:1).

The initial increase observed in modal velocity(Vc) may simply
have been due to the semen's dilution. However, it was followed by
a decrease in Vc that was at a greater ‘rate than in seminal fluid,
thus suggesting that the cryoprotector medium compromises sperma-
tozoa survival. Regardless, it is the cryoaggression which has the
most detrimental effect on spermatozoa motility. Freezing results
in definitive cellular lesions as reflected by the decrease in vi-
tality, the amplitude of this decrease being identical to that for
motility. The deleterious effect of cryoaggression is also reflected
in the fact that a semen with a similar pre-freeze and post-thaw
motility will show a much more rapid drop in motility with time after
thawing.
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The large heterogeneity among ejaculates suggests that semen
characteristics may have a role in the observed modifications. In
this study, the recovery rate of motile spermatozoa varied from 0.10
to 0.95, an observation that has been made by others.13-17
Large variations were also noted in the recovery of the modal velo-
city(0.49 to 1.47). To understand the reasons for this variability
and to identify the semen characteristics which will permit one to
predict the response to freezing are goals of all those involved in
human semen cryopreservation. The responsibility of genetic factors
has been evoked18 but Beck and Silversteinl3have shown that the re-
covery rate can be quite variable from one ejaculate to the other
in the same person. There is no unanimity regarding the semen char-
acteristics which correlate best with freezing tolerance: For cer-
tain investigators it is the percentage of motile spermatozoa and
the sperm count2,17 whereas for others, none of the semen charac-
teristics are looked upon as good indices.1,14,19

In this study, the recovery rate for motile spermatozoa, the
MRR,was best correlated with the fresh semen concentration of motile
cells and the percentage of motile and normal forms. In fact, figure
5 shows that it was especially above 100 %x10% motile spermatozoa
per ml that the MRR became significantly better; in the range of 0
to 100 x10® and at times for identical values, MRR variability was
quite high. Therefore, it would appear that other yet identified
semen factors.

On the practical side, it appears necessary to test each eja-
culate by thawing a paillette and determining the MRR. This approach
would be particularly indicated in cases of autocryopreservation
preceeding vasectomy19 or sterilizing treatment20as is presently
being practiced.

The processing of the semen in cryopreservation, that is the
temperature patterns of freezing and thawing and the type of cryo-
protector medium(concentration of glycerol and additivesé, appear
to have an important influence on the results.12'13'15'1 '24 The
rapid and progressive modification of spermatozoa motility observed
in this study when left in contact with the cryoprotector medium
suggests that the duration of the manipulation is an important fac-
tor. Although Shermanl® has shown that 30 minutes of incubation with
glycerol gives results which are no worse than with only a few se-
conds of incubation, others,5'6'21 have stressed the importance
of minimizing the time between ejaculation and freezing.

Another time factor is the period between thawing and insem-
ination. Even though the percentage of motile spermatozoa was found
to be stable in the 30 minutes after thawing, the Vc was found to
drop rapidly. Therefore, carrying out insemination in the 10 or 15
minutes following thawing as suggested by Rubin!® would seem advised.
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CONCLUSION

Cryopreservation of human spermatozoa resulted in a 47% decrease
in the percentage of motile forms. Two-thirds of this decrease was
due to cryoaggression and one third to dilution in cryoprotector me-
dium. The high variability in the post-thaw recovery of motile
spermatozoa with different ejaculates indicates that each must be
tested after thawing. There is no evidence that the analysis of
fresh semen allows one to predict freezing tolerance.

Future studies on cryotolerance must take into account the time
elapsed between ejaculation or thawing and measurements as well as
the nature of the cryoprotector medium and the degree of semen di-
lution. Also, measurements should be made using objective techni-
ques rather than microscopic methods.
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It is striking to note that the evolution of improvements
brought about in human semen freezing have followed, with a long
delay, the results of veterinary research on animal breeding, mostly
in the cattle. The use of liquid nitrogen, for instance, as a cool-
ing agent for human semen, appeared only in 1963;1 at this time, the
semen was still dispensed in glass ampules, although the plastic
straw had been used in cattle breeding for at least ten years.2 Up
to 1973, no work involved the so-called fine straw of 0.25 ml in vol-
ume which has been used with cattle since 1965.3

The 0.25 ml straw has replaced the 0.5 ml straw in veterinary
insemination for several reasons, the main ones being a better sperm-
atoza recovery rate as well as improved insemination results;“® the
1.2 ml straw had already been discarded in favor of the 0.5 ml straw
for the same reasons.® The reduction of the insemination dose would
also appear to be of great interest in a country where the donor
problem is acute, providing clinical success rates are comparable.

The present study using human semen was undertaken to copmpare
the spermatozoa recovery rate for 0.25 and 0.5 ml straws after freez-
ing with liquid nitrogen. To our knowledge, this is the first study
of its type in man.

161
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MATERIEL AND METHODS

Semen was collected at the laboratory by masturbation. After
liquefaction at room temperature, a sample was taken for evaluation
of concentration, vitality, initial (prefreeze) motility and morphol-
ogy. The semen was then mixed one to one by volume with Ackerman
protective medium.® The final glycerol concentration of the mixture
was 7 to 7.5%. After an equilibration period of 15 to 20 minutes
at room temperature, the mixture was dispensed into both 0.25 and
0.5 ml straws which were sealed at both ends. 1In this study, there
were 31 ejaculates, 23 normal and 8 oligo-asthenospermic, which pro-
duced a total of 186 straws(93 of each type). An Air Liquide RCB
60 T was used for both freezing and storing the straws. The freez-
ing process was a fast, one step cooling method described for both
the 0.5 ml’/ and the 0.25 ml®’? straws. Both types of straws from the
same ejaculate were frozen in the same operation and at the same
time. Taken at room temperature, the straws were placed horizontal-
ly for 7 to 10 minutes in the nitrogen vapors at a distance above
the liquid nitrogen surface of 8 cm(temperature - 150°C) for the
0.5 ml straw, and of 20 to 25 cm(temperature - 60°C) for the 0.25
ml straw. Afterwards, they were plunged directly into the liquid
nitrogen where they were stored.

The straws were thawed simply by exposure to room temperature
for 10 minutes. Both types of straws from the same ejaculate were
evaluated at the same time; double-blind measurement of the post-
freeze motility was performed by the same two technicians.

RESULTS

Figure 1 shows the temperature variations of the mixture within
both types of straws during the freezing and the thawing processes.

Figure 2 shows the spermatozoa recovery rate(SRR) with both’
types of straws. Although the SRR appears higher for the 0.5 ml
straw, statistical analysis failed to reveal a significant differ-
ence.

DISCUSSION

The plastic straw is the most widely used container for semen
preservation throughout the world because of easy manipulation,
handling, labelling and storage. It facilitates the insemination
procedure since it can be used in a specially designed syringe.

The size of the straw has been progressively reduced in veter-
inary insemination. Early straws held 1 ml, but were rapidly
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FIGURE 1. Temperature variations within straws during

freezing.

replaced by the 0.5 ml straw which gave equivalent efficacy. The
fine straw has been preferred to the large one in veterinary insem-
ination for 15 years for two mean reasons: (1) It has been shown
that only some 300,000 live spermatozoa are needed to impregnate
a cow, though the bull semen holds above 700 x100 spermatozoa per
ml;1 (2) the post-thaw motility of bovine semen has proven better
when frozen in fine straws than in large ones, probably because of
a better and faster temperature distribution within its contents. 11

With normal human semen, the spermatozoa recovery rate using
this freeze-thaw procedure has been reported to be 58 to 69% with
the 0.5 ml straw®,7,12,13 and around 60% with the 0.25 straw;6 in
this latter study on freezing tolerance, the SRR with 0.25 ml
straws ‘depended upon prefreeze characteristics, even when in normal
range. The recovery rate was higher when the concentration of the
ejaculate exceeded 50 million spermatozoa per ml; it also positively
correlated both with prefreeze motility, being higher when above 65%,
and with morphology, being higher when there were more than 60%
normal forms.? These findings agree with those that had been
published earlier for the 0.5 ml straw and other containers.l14,15,16
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FIGURE 2. Pre-freeze motility and post-thaw spermatozoa
recovery rate(SRR) for 0.5 and 0.25 ml straws in 31 semen
specimens. Students't test: P = 0.7, non-significant.

The present double blind study did not reveal a significant. differ-
ence in SRR between the two types of straws, and on this basis, the
fine straw appears at least as satisfactory as the large one.

‘In terms of ability to achieve fertilization, the fine straw has
proven to be more efficient in large bovine studies.l7 1In humans, no
such comparative study is available. Data reported in the literature
are difficult to assess, since most studies are more concerned with
the variable of female partner fertility. Furthermore, the presen-
tation of results differs from one author to the next: Dropouts, for
instance, are not always taken into account. With these qualifica-
tions in mind, the pregnancy rate ranges from 50 to 60% for the 0.5
ml straw with 90% of the pregnancies occuring with six insemination
cycles.12,18,19 Those studies performed with the 0.25 ml straw have

yielded similar results according to our calculations from their raw
data.8,20

It has been stated that 25 million motile spermatozoa per 0.5
ml straw are necessary for an acceptable conception rate.19 as just
mentioned, however, comparable results have been obtained with the
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0.25 ml straw which contains about 10 million motile spermatozoa.
Therefore, it appears that the same pregnancy rate can be maintained
despite a reduction of the insemination volume and, thereby, the
number of spermatozoa, a hypothesis supported by animal studies. 10

CONCLUSION

This study has shown that there is no significant difference in
cryotolerance between spermatozca frozen in 0.5 ml and 0.25 plastic
straws based upon post-thaw recovery of motile forms. Although
clinical studies have reported similar results in artificial insem-—
ination using semen frozen in either 0.5 or 0.25 ml straws, none
have compared the fertilizing capacity of these two straws directly
and thus equivalent efficacy is presently presumptive.
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In comparison with the extensive use of frozen semen in veter-
inary medicine, farily slow progress in the cryopreservation of
human semen has been seen over the past ten years. The primary
reason for this is probably the reduced conception rate that is
being observed with frozen semen in comparison with fresh semen.!s3
There is also some evidence that certain women cannot conceive with
frozen-thawed semen whereas they easily conceive with fresh semen.
These disadvantages have called for continued investigation in order
to improve the techniques for freezing of human spermatozoa.

There are principally two different techniques for the freezing
of human semen currently being used. In the method introduced by
Sherman, 9,10 semen and glycerol are mixed in the proportion of 10 to
1. The freezing is performed in vapors of liquid nitrogen. We have
called this the "direct" freezing method. 1In the method of Behrman
and Sawada,? semen is mixed in the proportion 1 to 1 with a glycer-
ol-egg yolk—-citrate buffer. We have exclusively used French straws,
or "paillettes", as containers for both the freezing of semen and
its handling during insemination.

The temperature variation during the freezing procedure is quite
marked as shown in Figure 1. In Sherman's method, the paillettes
are kept in liquid nitrogen vapors for 8 minutes and then lowered
down into the liquid nitrogen. Because of the narrowness of the
opening of our liquid nitrogen container, the paillettes were frozen
in vertical position. The semen sample is quickly super-cooled to
-15°C. As the sample starts to freeze, the temperature rises to
-8°C and then falls off very quickly. In the lower part of the
paillette, which is close to the surface of liquid nitrogen the tem-
perature goes down to -110°C. 1In Behrman-Sawada's freezing method,
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Time minutes

FIGURE 1. Temperature variation of semen during freezing

A. Sherman's or the '"direct" method, A being the curve for
the semen in the lower portion of the paillette closest to
the liquid nitrogen and A, that for the upper portion of the
paillette.

B. Behrman-Sawada's or the gradual method.

The arrow indicates the range of heat diffusion.

the semen sample is kept at +4°C for 20 minutes and temperature
equilibrium is reached in about this time. The specimen is then
moved to a vessel containing alcohol at -40°C where it is kept for
5 minutes before it is lowered into liquid nitrogen.7 In this me-
thod the temperature changes show approximately the same pattern as
in the "direct" freezing but takes slightly longer.

The temperature rise during room temperature thawing of a semen
sample is shown in figure 2. The same pattern is seen irrespective
of whether the semen was frozen with glycerol or glycerol-egg yolk
citrate as a protective medium. Near -8°C the curve levels out for
about 1 1/2 minutes after which the temperature continues to rise.
During this plateau, the semen sample thaws. Investigation has
indicated that room temperature is superior for thawing as compared
to a +37°C water bath or a +4°C waterbath.”

Spermatozoa frozen without a protective medium are severely
damaged and lack progressive motility. The most pronounced damage
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FIGURE 2. Temperature rise during room temperature
thawing of a semen sample from -196°C.

in these spermatozoa as observed in transmission electron microscopy
is incurred by the mitocondria which are swollen and in some in-
stances ruptured. The acrosome has also been noted to be wrinkled
and ruptured. After freezing with a protective medium, the mito-
condria retain better their normal morphology. With glycerol as a
protective medium, the acrosome is much more wrinkled than when
glycerol-egg yolk-citrate has been used. Our impression, therefore,
is that freezing of spermatozoa according to Behrman-Sawada causes
less damage than freezing with Sherman's method.4

Although post-thaw spermatozoa motility in some studies appears
to have a poor correlation with fertilizing capacity of the semen
sample, it is still probably the best single parameter to use in
order to evaluate how well a freezing technique works. We have
compared the effect of different freezing methods and the effect
of glycerol and glycerol-egg yolk-citrate on the post-thaw motility
of different donor semen samples. In this study the motility of
a fresh semen sample was followed for 12 hours. Aliquots of the
same semen sample were frozen according to Sherman?® and Behrman-
Sawada.2 1In addition, aliquots of the specimens were also frozen
according to Sherman but with glycerol-egg yolk-citrate as the pro-
tective medium and according to Behrman-Sawada but with glycerol
as the protective medium. After thawing, spermatozoa motility was
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followed at room temperature for 12 hours. Surprisingly, great var-
iations were observed within the same donor's semen sample when it
had been frozen according to the different methods. Figure 4 shows
a donor semen sample with an 80% retained motility of the spermato-
zoa after freezing and thawing. No major variations were observed
between the different freezing methods. Figure 5 shows for one semen
sample a 50% motility reduction for all the methods as compared to
the fresh semen. 1In other semen samples, motility varied and was
quite good after direct freezing but was almost nil after gradual
freezing. The use of different protective media also seems to have
an influence on the results.® These findings were relatively cons-
tant when different ejaculates from the same donor were tested on
repeated occasions and indicate that several freezing methods have
to be used in order to get an optional post-thaw motility of the
spermatozoa for a given donor.

I I11

SEMEN:GLYCEROL(10:1) SEMEN:GLYCEROL-EGG

RAPID FREEZING IN YOLK-CITRATE(1:1)

LIQUID NITROGEN GRADUAL FREEZING
VAPORS (+4°» -40°» -196° ()
(SHERMAN METHOD) (BEHRMAN-SAWADA METHOD)
C
CONTROL

FRESH SEMEN

11 IV

SEMEN:GLYCEROL(1D:1) SEMEN:GLYCEROL-EGG

GRADUAL FREEZING YoLK-CITRATE(1:]1)

(+4°> -40°> -196°) RAPID FREEZING IN
LIQUID NITROGEN
VAPORS

FIGURE 3. Different technigues used for evaluation of
motility of human spermatozoa after freezing in liquid
nitrogen.
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FIGURE 4. Motility of a semen sample after freezing
in liquid nitrogen. All techniques tested show approxi-

mately an 80% retained motility and a 12 hour Zn vitro
survival.

FIGURE 5. Motility reduction of 50% in a semen sample
frozen in liquid nitrogen.
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FIGURE 6. Number of months(treatment cycles) prior to
conception. The cumulative pregnancy index is repre-
sented by the curve.
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The ability of glycerol or glycerol-egg-yolk-citrate to pro-
tect spermatozoa during direct freezing was also investigated in
clinical trials: 83 patients were inseminated with frozen semen
during 93 ovulatory cycles in which glycerol was used as a protec-
tive medium and during 94 cycles in which glycerol-egg-yolk-citrate
was used as the protective medium. When glycerol was used, 10 con-
ceptions occurred but with glycerol-egg yolk-citrate, we had 16
conceptions.5 Statistically, there is no difference between these
two groups but we have to remember that considerably higher concen-
trations of spermatozoa were used with glycerol as a protective
medium since the semen sample is diluted 10 to 1 with glycerol where-
as the semen mixed with glycerol-egg-yolk-citrate is diluted in the
proportion of 1:1. In this study we also examined the patients 24
hours after insemination for surviving spermatozoa in the cervical
mucus. With both glycerol and glycerol-egg-yolk citrate as protec-
tive medium, a few surviving spermatozoa were noted in 60% of the
patients, but no correlation of surviving spermatozoa with subse-
quent pregnancy was noted.>

Our use of frozen semen has resulted in 103 conceptions giving
90 live births. Fiqure 6 indicates the number of months used
for the insemination before pregnancy occurred. It can be seen
that about 75% of all pregnancies occurred within the first 3 months
of treatment and 94% within 6 months of treatment.® wWhen one con-
siders the significance of such figures, insemination with frozen
semen should probably only be done for 6 months; then fresh semen
should be used.

Of the ninety normal children, 42 were boys and 48 girls.

Thirteen pregnancies ended with spontaneous abortion which is the
expected frequency of spontaneous abortion in a Swedish population.8
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CLINICAL USE OF HUMAN SEMEN

AFTER LONG-TERM STORAGE

Stanley Friedman

Department of Obstetrics and Gynecology

UCLA School of Medicine
Los Angeles, California, USA

The single pregnancy, following insemination of human semen which
had been frozen and stored for 10 years, is often cited to indicate
that such long-term storage is efficacious. Tomy knowledge, however,
there is no published data concerning the clinical and practical
aspects of long-term storage of human sperm. With an anticipated pro-
liferation of semen banks, and an anticipated increase in the number
of men having vasectomies, it is important to gather whatever infor-
mation is currently available about long-term storage of human semen.
With this information, some predictions may be made about the clini-
cal usefulness of this technic, problems attendant to it may be iden-
tified, and avenues of research to ameliorate such problems may be
suggested.

The Tyler Medical Clinic established a sperm bank in 1969. The
primary objective of the bank was to facilite AID for women with in-
fertile husbands. However, urologists in Southern California who
learned of the existence of the bank, began to refer men for storage
of sperm prior to vasectomy, or prior to treatment for genital cancer
which would result in sterility. Later, men were referred prior to
therapy for other forms of malignancies, such as Hodgkin's disease,
or prior to the use of drugs for other major diseases which might
render them infertile. Without actively seeking such candidates for
long-term storage, within 10 years, 335 men deposited specimens for
possible future use (Table 1): 182 were prevasectomy, 153 pre-thera-
peutic sterilization. The number of semen specimens obtained from
each man varied from 1 to 8. Many of the specimens were divided into
2 aliquots prior to storage.

Only 3 couples returned postvasectomy for AI (Table 2). The
pre-freeze counts and motility were within normal limits. The letters
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TABLE 1. Semen storage

Prevasectomy Pre-cancer Therapy

Number 182 153
(1969-1978)
Current 137 128
(Feb 1979)

are our method of grading the degree of motility and forward progres-
sion. "A" and "AB" are considered normal with excellent to good for-
ward progression ; "B" and "C" are abnormal with poor or no forward
progression or very sluggish movement. Post-thaw motility varied
considerably. One conception occurred with a 7-year old specimen
with a single insemination. Motility of this thawed specimen was
quite good. The other two couples each had only 2 cycles of AI,
without success.

Nine couples returned after therapeutic sterilization(Table 3).
The first 8 had cancer therapy, the 9th had received a drug for the
treatment of severe-arthritis. pre-freeze counts and motility for
the cancer patients averaged 40 million with 50% motility, somewhat
below normal limits. This suggested that the underlying disease
probably was affecting spermatogenesis. 1Inour experience, pre-freeze
motility of 50% carries a poor prognosis, and this was borne out
here. The post-thaw motility averaged 25% and there were no pre-
gnancies in this group. The specimens of two of the men were mailed
out of the city to other physicians who performed the AIs and we
have no follow-up information on the post-thaw specimens of the re-
sults of the AIs. We presume there were no pregnancies.

In order to learn more about the effects of long-term storage,

specimens from men who had broken contact with the Clinic were
thawed. In regard to this, I think it appropriate to comment on the

TABLE 2. AI with prevasectomy specimens

Pt Years of Pre~-freeze Post-thaw Preqnanc

° Storage Count  Motility Count Motility gnancy
RC» 7 80 75AB 65 45AB Yes
JL 11/2 60 60A 60 15AB No

EL 1/3 ? 40AB ? 30B No
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TABLE 3. A7 with pre-cancer therdpy specimens

Pt. Years of Prefre§z§ Post—thaw : Pregnancy
storage Count Motility Count Motility
KK 3 50 60AB 55 15B No
GH 2 20 40aB * * No
RS 11/2 10 20B 5 20B No
SB 1 ? 60AB 100 20AB No
JM 1 60 50AB * * No
CA 1 60 60AB 70 25AB No
FW 1 70 75AB 70 45AB No
CcJ 1/2 10 45AB 10 20AB No
EM 2 60 60AB ? 50B No

* Specimens used by other physicians

contractual arrangements entered into between the Clinic and these
men. Before accepting semen for storage, a form is signed by the
donor absolving the Clinic of any responsability should the semen

be destroyed, spoiled, or lost. The donor also agrees co pay an
annual storage fee, now $40.00. The fee is the same regardless of
the number of specimens per donor. Should the fee not be paid, and
the donor fails to respond to further requests for payment, the spe-
cimens may be discarded. In actual practice, we have only discarded
58 of the 335 specimens, despite the fact that many more storage
payments are outstanding. The legality of our contract is questio=
nable, never having been challenged, and therefore we are not overly
aggressive in discarding specimens.

Nevertheless, we have discarded a number of specimens and re-
cently we took motion pictures of some of those which had been stored
for long periods. We had not heard from the donors of these speci-
mens in a number of years and efforts to contact them were unsuccess-
ful. About 15 such specimens were thawed after 6 to 7 years of
storage.

The results of long-term storage were unpredictable. Some spe-
cimens maintained good motility, most others did not, although initial
motilities were comparable. The motility of specimens from the same
donor showed significant variations. Because of this unpredictabi-
lity, it is important not to oversell the concept of "vasectomy
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insurance" as is being done by some commercial semen banks in the

United States. When semen is being deposited, one must emphasize
that long-term storage is not a guarantee that fertility can be pre-

served with current technology.



LIMITS OF LONG TERM SEMEN CRYOPRESERVATION
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The problem of long term cryopreservation of semen in man is of
particular concern in preventive autocryopreservation which finds its
indications in men about to undergo vasectomy or a treatment which
carries a risk of sterility. In such cases, it is necessary to have
assurances that the fertilizing capacity of the frozen semen will be
maintained@ for many years. Despite the importance of this problem,
it has been considered in only two studies.lr2 However, these stu-
dies used only motility as a criterion and their results were con-
tradictory.

The objective of this study is to assess the consequences of
semen cryopreservation on both motility and fertilizing capacity
for periods up to 5 years.

MATERIALS AND METHODS

For the study of motility, 68 ejaculates from as many fertile
men were used: 63 being AID donors and 5 about to undergo treatment
carrying a risk of sterilization.

Fertilizing capacity was the object of two studies. The first
explored short-term fertilizing capacity, that is during the first
year of cryopreservation: A comparison was made between the mean
success rate per cycle for 874 semen doses stored for 6 months or
less and 445 doses stored for 6 to 12 months.

Unfortunately, it was not possible to continue studying fertil-
izing capacity in this manner beyond 12 months due to the rapid

turn-over of semen doses held by the Sperm Bank. However, a certain
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number of paillettes from ejaculates giving pregnancies are set
aside in order that women requesting a second pregnancy can be
treated with the same ejaculate. Therefore, only these women could
be used for the second study which concerned long-term fertilizing
capacity of cryopreserved semen. Since it was decided to use the
mean number of cycles necessary for conception as the mode of eval-
uation, only 51 women who actually achieved a second pregnancy were
included. They were divided into 2 groups: 25 who had conceived
with semen stored for 1 to 3 years and 26 who had conceived with
semen stored for 3 to 6 years. These two groups were then compared.
It was not possible to compare the first and second pregnancy treat-
ment periods since for technical reasons, different ejaculates had
been used with most patients in the cycles preceeding their first
pregnancy.

RESULTS

The 68 ejaculates used for the study of motility had the follow-
ing pre-freeze characteristics: A mean sperm count of 116 x106/ml
(SD = 72.6) and a mean of 71.9%(SD + 9.1) motile forms. After one
day of storage, there was a post-thaw motility of 46.4%(SD + 12.4).

A second evaluation made after 5 to 6 years of storage revealed a
post-thaw motility of 43.2(SD #+ 12.2). There is no significant dif-
ference in these results.

In regard to fertilizing capacity in the first year of storage,
the mean success rate per cycle was 10% for both the 874 doses stored
less than 6 months and the 445 doses stored for 6 to 12 months. As
to long term fertilizing capacity, the 25 second pregnancies obtained
with semen stored for 1 to 3 years and the 26 obtained with semen
stored 3 to 5 years were achieved in a mean of 2.9(+ 2.1) and 2.8
(+ 2.4) cycles respectively.

DISCUSSION

This study has demonstrated stability in spermatozoa motility
for up to 5 years. This is in agreement with the findings of
Shermanl on 25 ejaculates freeze stored for 10 years: Even though
he found individual variations in motility, the mean percentage of
motile forms did not differ significantly with time. However,
Steinberger2 has reported a substantial decrease in motility beyond
3 years of storage and after 5 years he found that motility was only
20% of the pre-freeze value. He also found that the loss of motil-
ity was quite variable according to the sample. High quality semen
with an initial motility of 60 to 89% and a sperm count of 40 to
200 million/ml showed a much smaller decrease in motility with time.
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The principle concern in cryopreservation, of course, is the
semen's ability to give a pregnancy and this has never been syste-
matically studied. Shermanl has simply reported 3 pregnancies(2
normal births and 1 miscarriage) obtained with semen stored for 10
years, a result that has never been equaled, much less surpassed.
Therefore, it may very well be that these were exceptional cases.

The results of the present study indicate that the fertilizing capa-
city of cryopreserved semen is maintained for at least 5 years since:
(1) No significant difference in the success rate per cycle was
found between the first and second 6 month periods in the first
year of storage for 68 ejaculates; and(2) similar delays for a second
pregnancy were observed for 25 women inseminated with semen stored

1 to 3 years and for 26 women inseminated with semen stored 3 to 5
years. Although it has not been possible to compare the ejaculates
used in the studies on short-term(< 1 year) and long-term(l to 5
years) storage as explained in Materials and Methods, the remarkable
stability observed in fertilizing capacity within each of these pe-
riods strongly suggests that it spans both. ‘

The findings of this study are felt to justify semen autopreserv-
ation as an approach to men facing sterilization but with one reserv-
ation: It is possible that poorer quality semen will not demonstrate
the same stability in fertilizing capacity. Accordingly, further
studies are needed not only to determine the efficacy of semen pre-
served for more than 5 years but also to evaluate stability as a
function of semen quality.
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THE ROLE OF CRYOBANKING IN ARTIFICIAL INSEMINATION
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The idea of sperm banking originates from Mantegazza1 who in
1866 proposed the establishment of a sperm bank which might be useful
in different ways ; for instance in the case of a 'soldier whose sperm
could be preserved before going to war and could be used by his wife
to have progeny, even after his death. The realisation of this idea
had to wait almost a hundred years until Sherman originated the slow
rate method of freezing human semen, which proved to be effective
and has been in use ever since.

The use of freeze preservation of human sperm has played an
important role in the field of reproduction in the last decade. Fur-
thermore the application of cryobanking can be of vital importance :
(1) In cases of malignancy the sperm can be collected and preserved

before radiation ; (2) before prostatectomy ; (3) before vasectomy ;
(4) in cases of dangerous professions which can be injurious to male
fertility ; (5) after accidents resulting in paraplegia accompanied

by decreased fertilizing capacity ; and (6) in cases where the homo-
logous insemination has failed. 1In the latter case, services of a
sperm bank are psychologically more easily accepted by the couple

in despair by suggesting a mixture of frozen sperm of husband with
the preserved donor sperm from the bank. According to our experience
this method has a great psychological effect, and even the most in-
telligent of our patients cling to it like a drowning person.

The freezing process has also been used in experiments on the
concentration and separation of oligo-asthenospermic semen. The
freeze preservation of the pooled split ejaculate is not a new method.
Although it is possible to preserve the concentrated part of the
semen sample 1in most cases of oligospermy, there has been no evident
solution for those with asthenospermy. There have been recent
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experiments to improve the quality of asthenospermic frozen sperm :

. Filteration by glasswool columns which separate debris (immo-
bile and agglutinated spermatozoids) from the good spermato-
zoids with penetrating ability. The filtered semen can be fro-
zen and after thawing, it will have increased motility.?2

. Separation of fast moving spermatozoids in human serum albumen
(HSA) . A Pasteur pipette is filled halfway with HSA, and above
that with semen in the same quantity. After half and hour, the
best motile spermatozoids penetrate the HSA which can be centri-
fugated and prepared for freezing. In this way, it is possible
to obtain frozen semen with very good motility.3 Ericson proved
that spermatozoids obtained by this method, can be separated
X or Y chromosome bearing types. Therefore it is possible to
influence the sex of the embryo.4

. Another method that gives good results is a combined filtera-
tion and concentration of the spermatozoa by a milex filter.
The device is filled with semen and after filtration, it is
aspirated back with the same quantity of protective medium.
This concentrated material is ready for cryopreservation.5

. All of the above methods are still in the experimental stage
and not currently used routinely.

. In 1977, Barkay and Zuckerman reported on the effect of caffeine
on the motility of frozen sperm. This method seems to give
good results and during the last year has been a technique used
routinely by several centers. Our observations suggest that it
improves semen fertilizing capacity.® We hope that in the fu-
ture, it will be possible by the aid of the above mentioned
methods to develop a new way, which will solve the problem of
AIH with cryosperm also in cases of asthenospermy.

FREEZING TECHNIQUES

In 1963, Sherman described a very simple slow-rate freezing
method,”’ Cans with ampules containing semen are suspended over the
vapors of liquid nitrogen, the freezing temperature of which is
-80°C (Figure 1). The cans are then submerged in the liquid nitro-
gen container, lowering the temperature to -196°C. The principle
of this method is still in use.8,9

The freezing system incorporating automatic equipment is based
on the use of vapors of liquid nitrogen.10 The entire system, although
efficient, proved to be so complicated and expensive that only large
centers could use it (Figure 2). The semen with the protective medium
can be prepared in ampules or in straws as recommended by Cassau and
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FIGURE 1. Liquid nitrogen container construction and

demonstration of slow rate freezing technique., Preserved

semen in ampules is a suspended over liquid nitrogen
vapors.

FIGURE 2. Laboratory with automatic freezing system.
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Jondet in 196411/12 at a temperature of -80°C. The storing is also
in liquid nitrogen at -196°C (Figure 3).

In 1964, Nagasa and Niva presented a very simple rapid rate
freezing method in pellet form by dripping the sperm mixture on the
dry ice block at -75°¢13 (Figure 4). The pellets are stored in 1li-
quid nitrogen. This method is not ideal for human sperm freezing,
because the isolation technique is not perfect and semen residues
may remain on the dry ice and mix with other samples. Also, there
may be problems in obtaining daily supplies of dry ice. Therefore,
this technique is practical only for large veterinary centers.

In 1974 and 1978, Barkay and Zuckerman developed an apparatus
which was intended to concentrate on the advantages of the previous-
ly mentioned methods14,15 (Figure 5). Using this method, it is pos-
sible to produce pellets by rapid freezing in liquid nitrogen vapors.
Complete separation and isolation of the semen samples is also pos-
sible. The same device can also be used for sloy rate freezing with
straws (Figure 6). This method is simple, handy and quick to operate
and can be used for freezing even only one sample of semen, if requi-
red. Therefore, it is a method for small hospitals.

FIGURE 3. Liquid nitrogen storage container
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FIGURE 4. Rapid rate semen freezing technique: Pellets
are formed by placing drops of prepared semen on dry ice

All methods for sperm preservation known today have a common
fault : the decrease in motility of spermatozoids caused by crystal-
lization and respiratory shock during the freezing process. Pro-
fessor Lebech from Copenhagen recently informed the author about his
successful experiments in developing a slow rate freezing method
using straws which in a first step are cooled to -80°C in an alcohol
bath, thereby eliminating the crystallizing effect and increasing
the recovery index.16
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FIGURE 5. Rapid rate semen freezing device (Barkay and
Zuckerman)

FIGURE 6. Three teflon coated pellet molding disks
and one disk designed for freezing semen in straws
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In order to measure the effectiveness of sterility therapy of
whatever type, it is necessary to have a reference for comparison.
Of course, if it were certain that all che couples undergoing treat-
ment were absolutely sterile, any success obtained, even after years
of effort, could be attributed to the effect of the treatment. How-
ever, this is not the case in practice. For example, women seeking
help for fertility problems who receive hormone medication are most
likely not sterile but merely subfertile, the aim of the treatment
being to shorten the time required for conception to a more nearly
normal duration. Measurement of the efficiency of the method used
therefore presupposes the possibility of comparing the results ob-
tained after treatment to values observed in a "normal" population.

For AID, this is all the more obvious. In this technique, the
spouse thought to be responsible for the couple's sterility(the hus-
band) is replaced by a donor chosen from a male population with
normal fertility. It must therefore be possible to compare the suc-
cess rate of a series of inseminations with the probability of in-
semination after a compare number of acts of intercourse between
two fertile partners.

THE TIME REQUIRED TO CONCEIVE AND FECUNDABILITY

It so happens that demographers have long been interested in
evaluating this probability. To do so, data must be obtained on the
time required to conceive, i.e., the period elapsing between the
time when a woman starts to be exposed to the risk of conceiving
and the time when conception occurs. 1In practice, the determination
of this period poses problems of observation at both pbeginning and
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end. On the one hand, there are only two "natural" situations

which introduce women to the risk of conception: Marriage, on con-
dition that this signifies the beginning of sexual relations and

that no contraception is employed(this was formerly the case in most
populations, and continues to be true in much of the third world);
and cessation of contraception when the couple desires a child, on
condition that the date of cessation can be unambiguously determined
and that it is not followed by a period without sexual relations,

as will be seen below.

On the other hand, it is not conceptions which are reported,
but rather pregnancies, more or less recent, or even births. The
date of conception is always calculated retrospectively with varying
accuracy. What is more important, an unknown proportion of early
spontaneous abortions can increase the apparent calculated time re-
quired to conceive.

If these problems are assumed to be solved, how is the monthly
probability of conception, or fecundability calculated from the time
required to conceive? If all couples could be supposed to have the
same fertility, the problem would be simple. Let pbe the probability
and N the total number of couples "at risk", then during the first
month, the number of conceptions would be pN; during the second
month, p(l-p)N; during the thirdmonth p(1-p)2 N, etc. This takes the
form of a geometric distribution, and the average period m is related
to p by: m = 1/p. The number of conceptions therefore decreases
each month, but the proportion of couples still at risk who conceive
each month remains equal to p. Now, in reality this is not the case,
for if a group of couples is observed from marriage on, the risk of
conception decreases each month. In the data analyzed by F. Vincent,1
the risk of conception was

. 22% in the first month of marriage

. 18% after three months without conception
. 14% after six months without conception

. 12% after one year without conception.

It is clear that the most fertile women conceived most quickly
and that with time, the group of women still at risk of a first
conception came to comprise only those who were less fertile.

Consider this example: Women having had at least nine living
children, who can hence readily be assumed to have had little re-
course to contraception, especially in the early days of marriage,

must have an above average fecundability. Certainly none of them
were sterile or subfertile. Now, as has been seen, their monthly
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risk of conception did not exceed 22%, and the average time required
to conceive was greater than 5 months.

Coming back to the problem of the heterogeneity of couples,
since the first model proposed(a geometric distribution) is not
suitable, another must be found. Let us therefore assume that fecunda-
bility varies from one couple to another, choosing, for example, a
distribution function of a known type for which the parameters will
be estimated by using the distribution of times required to conceive
(a more detailed explanation of the estimation methods can be found
elsewhere2s3). Selected results are given in Table 1.

It can be seen that average fecundability is on the order of 0.2 to
0.3 and the time required to conceive varies between 4 and 10 months.
These results were obtained mainly for women of about 25; some of
the studies cited have shown that fecundability increases from puberty
to 20-25 and falls rapidly after 35.

The importance of exact determination of the beginning of the
period of exposure to the risk after cessation of contraception can
be seen from the data of gpira et al.:® To the average time required
to conceive, equal to 4.9 months, a "waiting time" of 2.7 months was
added. This may partially explain the difference between the times
required to conceive observed for populations 3 and 4 in Table 1.

TABLE 1. Fertility and time required to conceive with natural

insemination.
Average Average time
fecundability Average time required to
Population (Probability required to conceive in a
of conception conceive homogeneous
per_month) groupa
P m m'
1. French familiesl
(9 children) 0.234 5.54 months 4.28 months
2. Hutterites(U.S.A)% 0.252 4.75 months  3.97 months
3. AmericansS
(after contraception) 0.144 10.03 months 6.94 months
4. Paris region6
(after contraception) 0.29 4.9P months 3.45 months

®The time that would have been observed if the fecundability of each -
couple had been equal to the average fecundability of the group(m"=1/p)
To this time was added a "waiting time" of an average of 2.7 months
between the date of cessation of contraception and the date at which
the women said they began unprotected intercourse.
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EFFECTIVE FECUNDABILITY, APPARENT FECUNDABILITY, TOTAL FECUNDABILITY

The value obtained for the fertility obviously depends on whether
or not pregnancies not leading to livebirths are taken into account.
If only live births are considered in populacions 1 and 4(Table 1)
and the contribution of pregnancies lasting only a few months is
ignored in calculating the "time required to conceive", the value
measured is that of "effective fecundability". This is inevitable when
purely retrospective data are used and the women are not questioned.
I1f pregnancies leading to spontaneous abortion(usually at 3-4 months)
or still birth are taken into account, the apparent fecundability is
measured populations 3 and 4 in Table 1.

If all spontaneous abortions, including those occurring in the
first wéEEE, could be detected, the conception rate would be much
higher. It is well known that the number of miscarriages cited in
surveys or recognized by women themselves represents only a small
proportion of total intrauterine mortality. It is not, therefore,
the real risk of conception or total fecundability that is being
measured, but this is of no great matter for our subject, since the
aim of AID is to give women children born alive!

At best one canmeasure the frequency of pregnancies lasting at
least two weeks after conception, i.e., in existence at the date of
the first absent menstrual period(the earliest date at which preg-
nancy tests can be performed). This recognizable fecundability may be
more than one-third higher than the effective fertility.

THE RISK OF CONCEPTION ON DIFFERENT DAYS OF THE CYCLE

An implicit tenet on which the preceding discussion is based
must now be considered. In addition to indicating the necessity
for the couples observed not to avoid conception by any means, the
corollary requirement that these couples must not seek to conceive
by increasing their frequency of intercourse or by limiting inter-
course to the fertile part of the cycle must also be mentioned.

Thus far we have been using the menstrual cycle as a unit of
time without being concerned with the exact time of conception within
this period. However, the risk of conception varies greatly with
the day of the cycle, from nil at the beginning and end to maximal
close to ovulation. Until Barrett and Marshall's studies,7 little
effort was made to calculate the risk attached to each day of the
cycle, and only indirect calculations were used to estimate the
duration of the fertile period. These authors used temperature
curves on which the women noted the days on which intercourse took
place in order to calculate, using a single model, the probability
of conceiving on each day of the cycle as defined relative to ovul-
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TABLE 2. Probability of conception on different days of the cche.7

Day Probability
5th before ovulation 0.13
4th before ovulation 0.20
3rd before ovulation 0.17
2nd before ovulation 0.30
1st before ovulation 0.14
1st after ovulation 0.07

(Other days: Values not significantly different from zero)

ation. The results are shown in Table 2, from which it can be seen
that this probability never exceeds 30% on any day and is significant-
ly different from zero on only 6 days. Schwartz has reported at
this symposium that the results obtained by a single artificial in-
semination per cycle measure up very satisfactorily to Barret and
Marshall's estimations. (page 213).

TABLE 3. Monthly probability of conception (fecundability) for different
frequencies of intercourse.*

Intercourse/6 days Probability
1 0.17
2 0.31
3 0.42
4 0.53
5 0.61
) 0.68

*FTrom Barrett and Marshall's data./
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But couples do not necessarily limit themselves to a single
act of intercourse during the fertile period, particularly if they
are trying to conceive. If the daily probabilities of Table 2 are
combined purely mechanically, assuming them to be independent, the
results obtained are shown in Table 3, from which it can be seen
that the overall risk of conception rises very rapidly with the
frequency of intercourse. For an average frequency, i.e., one or
two acts of intercourse every 6 days(4-8 per cycle), the monthly
fertility obtained is of the same order as that cited above: 0.2 to
0.3 For higher frequencies, available data (for AID in particular)
do not reveal as rapid a rise in fertility, which seems to imply
that the model is then no longer satisfactory.
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MODE OF EVALUATION OF RESULTS IN ARTIFICIAL INSEMINATION

D. Schwartz and M.J. Mayaux
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Villejuif, France

INTRODUCTION

Improved effectiveness in artificial insemination would result
from the comparison of studies incorporating different treatment
techniques. However, this is difficult to do presently. 1In studies
published to date, the characteristics of the patient populations
are different in regard to ethnic background, age distribution, means
of selection, etc. To a certain extent, it is possible to minimize
or take into account such differences. However, it is essential
that the methods used to analyse the data provide indices which have
the same meaning. Such a standardized approach has been used in
other fields as for example in the evaluation of survival or the
effectiveness of contraceptive methods. On the contrary, in arti-
ficial insemination diverse indices are currently in use and most
are misleading. Even though calculated in the same manner from one
study to the other, they do not have the same meaning. This is
particularly true for the overall success rate. This index adopted
by practically all investigators makes the serious mistake of relat-
ing the number of successes to the number of women treated. In
fact, this unit, the woman treated, is without meaning when one does
not take into account the number of treatment cycles since they can
vary greatly for numerous reasons. Other indices less frequently
used have the same deficiency. One is the number of cycles needed
to conceive and another is the "cumulative success rate" when based
only upon those women conceiving.

The purpose of this paper is to first point out the deficiencies
of several traditionally used indices as well as the reasons for
these deficiencies, and then to present valid indices of true com-
parative value.
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The methods of evaluation to be proposed will be demonstrated
using the results of a study carried out by the sperm bank at Bicétre
Hospital (CECOS, Paris-Bicétre), France, or by using hypothetical
examples. The Bicétre study, described in another paper,1 included
all patients treated during the first five years of the bank's oper-
ation and will henceforth be referred to as the "model study". In
our presentation, all insemination cycles beyond the 12th have been
excluded from the calculations for the sake of simplicity.

CLASSIFICATION OF PATIENTS

A physician or a clinic, sperm bank or other facility desires to
make an assessment of results obtained over a certain period termi-
nating on a given date t.

First, it is necessary to precisely define for each patient the
cycles retained for the assessment: It is essential that all and
only those insemination cycles occurring during this period be in-
cluded.

The patients must then be classified. On the date Z, a woman
must fall into one of the following four categories: (1) Lost to
follow up at cycle Z: Women for whom the result at the Zth(last)
cycle of insemination cannot be obtained; (2) success at cycle 7.:
Women conceiving at the Zth cycle of insemination. For purposes
of standardization, the criteria of conception must be established.
In the model study, at least 21 days of hyperthermia and a positive
immunological test were used to confirm pregnancy; (3) dropouts at
the end of cycle 7, Women who declared that they were discontinuing
treatment and; (4) open cases at the end of cycle Z: Women do not
drop out but for whom the cycle(z + 1) of insemination had not yet
taken place at the date ¢.

A problem is presented by those patients who have not declared
that they are dropping out but for whom there has been a long delay
since their last insemination cycle. By convention, those cases for
which this delay exceeded one year were classified as dropouts.

The classification of the subjects into these four categories
according to insemination cycle(Table 1) provides all the necessary
data but is not very meaningful per se. It is from this data, how-
ever, that both analytic and synthetic evaluations can be made.
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TABLE 1. Classification of patients

cycle no No. of No. of lost No. of No. of No. of open
° patients to follow succes—- dropouts cases at end
up. " ses. at end of of cycle.
cycle.
1 1188 9 120 35 45
2 979 14 114 41 36
3 774 9 75 39 54
4 597 8 61 25 42
5 461 2 43 33 26
6 357 2 30 27 32
7 266 5 15 18 21
8 207 2 19 8 28
9 150 2 11 7 11
10 119 2 9 6 15
11 87 0 7 5 5
12 70 1 7 1 6
Total 5255 56 511 245 321
(patients
x cycle.)

ANALYTIC EVALUATION: RATES PER CYCLE

Four basic rates can be determined for the first insemination
cycle using the data in Table 1 taken from the model study (1188
patients: 9 lost to follow up(LF), 120 successes(S), 35 dropouts
(DO), 45 open cases(0C)) .

The lost to follow up rate for the lst cycle is 9/1,188= 0.8%.

The success rate based upon those patients not lost to follow-
up is 120/(1,188 - 9)= 10.2%.

The dropout rate based upon those patients remaining at the
end of the lst cycle is 35/(1,188 - 9 - 120)= 3.3%.

The open cases rate based upon those passing to the second
cycle is 45/(1,188 - 9 - 120 - 35)= 4.4%.
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By continuing in the same manner cycle by cycle, four rates
are obtained for all cycles. The results(Table 2) represent a com-
plete analytic evaluation of the data obtained and allow one to de-
termine whether or not the rates varied and if so, to what degree
for the 1st to 12th cycle. Even though Table 2 does not provide a
synthetic evaluation of a facility's performance, it contains all
the elements necessary for this evaluation which aside from its in-
herent value is sufficient reason for its being established.

TRANSITION TOWARDS SYNTHETIC EVALUATION:
CALCULATION OF MEAN RATES

The simplest approach is to express the rates of each subject
category for the totality of the 12 cycles. Two situations could
exist. First suppose that the probability of an event(sucess, drop-
out, etc.) is the same for each of the 12 cycles This would ini-
tially appear to be the case for the model study since the rates
of each category differ little from the 1st to 12th cycle. Under
such circumstances the probability of an event can be estimated
using the totals indicated on the bottom line of Table 1(5,255
patients x cycles, 56 LF, 511 S, 245 DO, 321 OC) as follows :

L}

for LF: LF = 56/5,255 = 1.1%
511/(5,255 - 56) = 9.8%
245/(5,255 - 56 - 511) = 5.2%

321/(5,255 - 56 - 511 - 245) = 7.2%.

for S : S

for DO: DO

for OC: OC

This procedure relating the number of cases for each event to the
number of patient x cycles associated with that event is analogous
to that proposed by Pearl? to quantify the effectiveness of a con-
traceptive technique. It is not difficult to show that this type
of calculation is one of weighted means for the rates of each of

the 12 cycles, the weight given to each cycle rate being proportion-
al to the number of cases it is based upon: Maximum for the .lst
cycle and then decreasing with successive cycles. The four rates
thus obtained are presented in Table 2. Now, let us suppose that the
probability of an event varies from one cycle to the other. 1In na-
tural production, for example, it is known that the success rate
decreases cycle by cycle because of the progressive elimination of
the most fertile women. With such variation of the probability,
the mean rate retainsa practical value in summarizing the 12 cycles
but it does not allow an appreciation of the evolution with time.
Moreover, it must not be calculated by the preceding method since
more weight is given to the initial cycles than to the later cycles.
Accordingly, it is necessary to proceed by calculating the ordinary
(unweighted) mean from the rate for each of the 12 cycles.
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SYNTHETIC EVALUATION

Two misleading indices. The overall success rate and the num-
ber of cycles necessary for conception.

The overall success rate(OSR), the most commonly employed index
is the most deceptive. For the model study, Table 1 shows that dur-
ing the period involved, there were 1:188 patients treated of which
there were 511 successes. These two figures have a certain inherent
value. However, the OSR which is the number of successes over the
number of patients treated(OSR = 511/1,188 = 43%) leads one to be-
lieve that the "effectiveness" of the facility is 43 successes for
every 100 women treated. 1In fact, it is evident that such an "ef-
fectiveness" depends not only upon the success rate per cycle but
also upon the number of insemination cycles for each woman which va-
ries markedly for numerous reasons. This can be illustrated using
certain examples.

First, imagine that a gynecoloagist inseminates 100 women for
up to 12 cycles if necessary without cases of OF, DO or even OC since
an assessment would not be made until the last woman had had her last
treatment. Suppose now that the success rate is 10% for each of the
12 cycles. One obtains thus:

cycle no. 1 2 3 4 5 6 7 8 9 10 11 12
Number of women treated 100 90 81 73 66 59 53 48 43 39 35 31
Number of successes J6)'%/’8 7 7 6 5 5 4 4 4 3
Cumulative success rate 10 19 27 34 41 47 52 57 61 65 69 72

If the gynecologist assesses his results he will have an OSR of 10%
after the 1st cycle; 19% after the 2nd cycle; and so on up to 72%
after the 12th cycle. Between the rates of 10% and 72%, the only
difference is the time elapsed. 1In reality, the situation is more
complicated since the patients will have variable treatment periods.
Thus, the success rate for the patient population will have values
ranging from 10% to 72% in relation to the treatment time distribu-
tion. Consequently, the OSR can be greatly influenced by the number
of LF, DO and OC patients.

Take now the example of a facility in continual service which
makes an assessment at time ¢. If the rates for LF, S, DO and OC
are nearly constant from the 1st to the 12th cycle, it would be
possible to calculate the OSR from the rates per cycle using a sim-
ple formula *(page 203). Certain problems are revealed by applying
this formula to the results of 3 hypothetical studies for which the
different rates per cycle and the OSR are
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LF S DO oc OSR
Study 1 0% 10% 0% 0% 72%
Study 2 10% 10% 10% 10% 29%
Study 3 0% 3% 0% 0% 29%

In studies 1 and 2, the success rate per cycle is the same but
the OSR differs considerably because of the large number of patients
in the second who did not complete 12 cycles for different reasons.
Conversely, studies 2 and 3 have the same OSR even though the suc-
cess rates per cycle are quite different.

These examples point out well how misleading the OSR can be as
an index for evaluating the effectiveness of insemination techniques.

The other frequently used index is the mean number of cycles
necessary for conception. For the previously mentioned gynecologist
treating 100 patients without cases of LF, DO or OC, the mean number
of cycles needed for conception(n) would be for an assessment after:

1 cycle (10 successes) n=1

2 cycle(19 successes) n = 1 x 129+ 2x9_ 1.5
[o]

12 cycles(72 successes) n = 1x 10+ 2 x ;2+"' +12x 3 _ 5.3

Accordingly, the index varies between 1 and 5.3 cycles on the
basis of time alone. 1In reality, the situation is further compli-
cated by the fact that patients have treatment times differing for
numerous reasons and the index for such a patient population would
have values ranging from 1 to 5.3 depending upon the distribution
of treatment times. Therefore, this index is greatly influenced
by the number of LF, DO and OC patients and would be as misleading
as the OSR.

Cumulative rates. Instead of expressing effectiveness which
depends upon both treatment technique and events limiting treatment

Calculation of the OSR: The OSR, as a function of the rates for
LF, S, DO and OC, is:

1 - R12
1 ~-R
In the model study, for example, if the weighted mean rates cal-
culated above are used in this formula(LF= 1.1%, S= 9.8%, DO= 5.2%,
OC= 7.2%), an OSR of 43% is obtained which is the value previously
determined.

OSR = S X with R =(1 - LF) (1 - 8)(1 - DO) (1 - 0OC).
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time as a single index, cumulative rates can be used to quantify two
types of effectiveness; one based on the hypothesis that interfering
events do not exist whereas the other takes these events into account.

a. The theoretical success rate aims at estimating the proba-
bility of success in%. cycles& =1, 2,..., 12) of a patients who
continues treatment up to the ith cycle if conception has not occur-
red. The success rates(S;) can be successively calculated from
i= 1 to i= 12 as will be shown for the model study but transposed
to a basis of 1,000 women. Using 1,000 women as opposed to the
1,188 actually treated does not change the results since they are
expressed in the form of percentages but does simplify the calcula-
tions.

The calculation is based upon the previously determined success
rates per cycle which were 10.2%, 11.8%, 9.8%... for the 1lst, 2nd,
3rd, ... cycles(Table 2). Using these rates, we first calculate
the number of successes for 1,000 women in the 1st cycle which would
be 1.000 x 10.2% or 102. Accordingly there remain at the beginning
of the 2nd cycle 1,000 - 102 or 898 women for whom there were 898 x
11.8% or 106 successes which leaves 792 women to be treated in the
3rd cycle. The number of successes for the 3rd to 12th cycles can
be calculated in the same manner (Table 3).

TABLE 3. Theoretical cumuilative success rates(without dropouts).

Life table.

Cycle Number of Rate of Number of Cumulative Cumulative

no. patients success(%) successes rate (per rate (%)
1000)

1 1000 10.2 102 102 10.2
2 898 11.8 106 208 20.8
3 792 9.8 78 286 28.6
4 714 10.4 74 360 36,0
5 640 9.4 60 420 42.0
6 580 8.5 49 469 46.9
7 531 5.7 30 499 49.9
8 501 9.3 47 546 54.6
9 454 7.4 34 580 58.0
10 420 7.7 32 612 61.2
11 388 8.0 31 643 64.3
12 357 10.1 36 679 67.9
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This method is a slightly modified form of that developed for
actuarial assessments of survival4,5 from which comes the designa-
tion of "Life table" for Table 4 and "actuarial rates" for the S;
rates.

The precision of the S; rates is based upon their variances.*
For the model study, the 95% confidence limits were 47% + 3% and
68% + 5% at 6 and 12 cycles respectively.

The successive values of S; are reported in Figure 1. It can
be noted that the delay prior to reaching a 50% success level (median
delay is 7 cycles).

b. The various effective cumulative rates have the objective
of taking into account the actual DO rate and if desired the LF rate.
Here we will consider only DO rate and if desired the LF rate. Here
we will consider only DO based upon the assumption that there would
be no LF cases.

The effective cumulative success rate is designed to estimate
the probability of success in 7 cycles(? = 1, 2, ... 12) for patients
following treatment until the ith cycle unless they had succeeded
or dropped out, the DO rate after each cycle being that which pre-
vails for the study in questign. These success rates(S;) can be
calculated successively from 7= 1 to 7= 12 by establishing a life
table which takes into account the proportion of DO after each cycle.
Therefore, by considering the success rates in the model study at
each cycle(10.2%, 11.8%, etc.) as well as the DO rates(3.3%, 4.8%,
etc. according to Table 2), we obtain for an initial 1,000 women,
1,000 x 10.2% or 102 successes and for the 898 remaining, 898 x 3.3%
or 30 DO. Thus for the 2nd cycle there are 898 - 30 or 868 women
which gives 868 x 11.8% or 102 successes. At this point, there re-
main 868 - 102 or 766 women of which 766 x 4.8% or 37 are DO; the
calculations continue accordingly until the Zth cycle(Table 4:
Cumulative rates expressed in thousandths for brevity). The S} ra-
tes graphically expressed(figure 1) show, in particular, a median
delay of 9 cycles.

*The formula to be used to calculate the variance is given by re-
ferences 5 and 6:
Var §; =(1 - Si)z 51 57
Y Nd-sy T TN (-0
1 2 1

where s; is the success rate of cycle 7 and N; the number of pa-
tients beginning the cycle minus the number lost to follow-up.
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The cumulative dropout rates presented as well as the success
rates both in the life table(Table 4) and graphically(Figure 1) in-
dicate the DO probability in 7 cycles of insemination. This is im-
portant information from a practical aspect but it cannot be obtain-
ed directly from the raw data. Say for example that there was a
dropout rate for 12 cycles of 21%(245/1.188 according to Table 1)
would present the same problems as indicated for the OSR.

The effective cumulative success rates which take into account
not only DO but also LF could be calculated as well by the life
table technique. However, because of the uncertainty concerning
the LF cases in AID, this calculation will not be presented.

c. Commentary on cumulative rates. All the cumulative rates
presented in this paper clearly express varied and valuable aspects
of an assessment at 7 cycles. These aspects for 1,000 women who
have completed treatment without the occurrence of LF cases are the
expected numbers for: a) Success if no patient had dropped out;

b) DO taking into account the actual DO frequency; and c) success
taking DO into account. After 6 cycles in the model study, for
example, these numbers are 469 successes for (a), 203 DO and 427
successes for (b) and (c) respectively. The number of successes

on an effective basis, that is taking into account DO, is only
slightly lower than that on a theoretical basis which ignores drop-
outs because the mean DO rate is low(5%). By using this method we
have been able to obtain a complete assessment after each cycle but
the rates yielded are meaningful only under certain assumptions
concerning the LF, DO and OC patient groups.

The first assumption involves the LF patients. These are
ignored in the calculation of all the rates which could induce a
bias if the results of their inseminations were not comparable to
that of the other patients. Furthermore, the effective rates pre-
sented here describe a situation in which there are no LF cases.
Thus, these rates are meaningful only if the proportion of LF cases
were minimal.

The second assuption involves the OC patients who are also
ignored in all rate calculations. This does not introduce a bias
since these patients are in principle comparable to the others,
their histories terminating simply because of an observation period
which was too short. In fact, the situation is somewhat more com-
plex. The women who declare at the end of cycle 7 that they are
not dropping out but have not requested insemination for several
months may actually be dropouts. In the model study, it was decided
to classify them as dropouts when the time since the last request
reached 1 year. Therefore, there were a certain number of OC patients
remaining with whom there had been no contact for several months.
There are probably dropouts included among them and thus there is
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undoubtedly an underestimation of the DO rates and in turn an over-
estimation of the effective cumulative success rate. This overesti-
mation is very low if the proportion of OC patients is low.

The third assumption concerns dropouts and the calculation of
theoretical rates. Dropouts were not taken into account in these
calculations. In order not to induce a bias, it is necessary that
the women who drop out are comparable to those who continue but such
an assuption could be contested. As the number of failures increases
the decision on whether to continue or drop out becomes more and
more influenced by factors which argue against fertility: The mul-
tiplying and repetition of exploratory tests, age, etc. It is thus
quite likely that dropouts are somewhat less fertile than those who
continue. Accordingly, the theoretical rates will be slightly over-
estimated to increasing degrees from the 1st to 12th cycle. Under
the extreme hypothesis that all the women dropping out are sterile,
the cumulative theoretical rate would be equal to the effective rate.

ASSESSMENT OF WOMEN CONCEIVING

Several authors have made synthetic or analytic evaluations
considering the women who had conceived as a separate group.

One evaluation is the distribution of pregnancies among the
different cycles: In the model study in which 511 pregnancies were
confirmed, 120 occurred in cycle 1, 114 in cycle 2, etc., for which
the pregnancy rates would be respectively 120/511 or 23%, 114/511
or 22%, and so forth to 7/511 or 1% at the 12th cycle. These rates,
the total of which equals 100%, decrease as expected from the lst
to 12th cycle simply because of the fact there are fewer and fewer
patients after each successive cycle. These rates have no value
in making comparisons between studies. Furthermore, they have often
been termed as cycle success rates which creates confusion with the
previously discussed rates per cycle.

Other authors have established a life table restricted to those
women who had conceived. This method applied to the model study
would consider the 511 women conceiving as the initial study group
of which 391 remained after the 120 successes of the first cycle,
277 after 114 successes in the 2nd cycle, etc. This table gives
the success rate per cycle and the cumulative rates which could be
mistaken for theoretical cumulative rates since only successes have
been considered and DO, OC and LF cases have been ignored. For
example, the success rate for the first cycle which is also the cu-
mulative success rate for the first cycle would be 120/511. However
this rate is based on 511 pregnancies, a number which is dependent
upon the number of LF, DO and OC cases and thus is not comparable
between different studies. We encounter here the same difficulty
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as with the OSR, but these rates are particularly misleading since
the sophisticated presentation makes them appear valid. Further-
more, they can create confusion for the correct rates.

CONCLUSION

This paper has shown that evaluations of results in artificial
insemination have been carried out using various procedures, only a
few of which have the same meaning from one study to another and
thus permit comparisons. If this review has not been exhaustive,
it has at least pointed out the reasons for which an index may be
misleading. All the indices which consider the total number of
pregnancies without taking into account the number of treatment cy-
cles are completely without comparative value since the number of
cycles depends upon multiple non-explicit factors for which the fre-
quency varies for each study. The per cycle and actuarial rates cal-
culated on the basis of the entire population and not only on preg-
nant women avoid this problem and permit valid comparisons. If their
calculation appears somewhat long or complicated, this is because one
calculates simultaneously several different aspects of the assessment
at cycles 1, 2, 3, etc. The presentation of the calculations in
Tables 3 and 4 in conjunction with the detailed explanation in the
text should enable one to quickly familiarize himself with the rea-
soning behind the calculations and their execution which actually
involves only the basic mathematical operations of addition, sub-
traction, multiplication and division !
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INTRODUCTION

From the time of its opening on January 1, 1973 until January
31, 1978, the Centre d'Etude et de Conservation du Sperme de Paris-
Bicétre was involved in the treatment of 1188 women by AID. Inse-
minations were carried out with cryopreserved semen according to a
treatment protocol which called for, in particular, a single inse-
mination for the first two AID cycles. This study will compare the
results for the first series of treatments(reported elsewherel) to
successive series carried out for a second or third pregnancy.

MATERIALS AND METHODS
Patients

Women were accepted into the AID program only after irreversible
sterility in the husband due to azoospermia or severe spermatozoal
insufficiency was confirmed. At the time of the first insemination
the average age of the women was 29.7 + 4. After a first pregnancy,
136 women were treated a second time and of these, 16 were treated
again for a third pregnancy.

2n
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Donors

The semen donors were under 45 years of age and married, had the
permission of their spouses, had one or more normal children and had
agreed to a free donation. They were carefully interviewed in order
to determine the risk for the transmission of a hereditary disease.
They were also submitted to a clinical examination as well as a se-
rological test for syphilis and a karyotype.

Freezing Technique

All semen was collected at the Center through masturbation after
a recommended abstinence of three days. After liquefaction, a frac-
tion was subjected to the following measurements ; volume, sperm
count and percentage of both motile spermatozoa and normal forms.
Only semen with a sperm count of 50 million per ml or higher with
at least 50% motile and 50% normal forms was retained.

The ejaculates were prepared and frozen as follows: They were
diluted by an equal volume of cryoprotector medium(in 100 ml ; 20
ml of egg-yolk ; 15 ml of glycerol ; 1.3 g of glucose ; 1.15 g of
sodium citrate ; 1 g of glycine; 50 mg of streptomycin and
100,000 I.U. of penicillin) ; left for 15 minutes at room tempera-
ture ; distributed into 0.25 ml plastic straws(paillettes) ; rapidly
frozen in a horizontal position in vapors of liquid nitrogen at ap-
proximately -60°C for about 7 minutes ; and then stqred in liquid
nitrogen in a vertical position.

Thawing was accomplished by placing the paillette at room tem-
perature after removal from the liquid nitrogen.

A fraction was thawed on the same day the semen was collected
in order to evaluate tolerance to freezing ; this freezing tolerance
test (FTT) is considered positive when the number of motile sperma-
tozoa is greater than 50%. When lower than 30%, the FTT is consi-
dered negative. Between 30 and 50%, the FTT is positive only if a
in vitro cervical mucus penetration test is positive.

Treatment Evaluation

Couples requesting AID were required to make a formal applica-
tion to the program after an initial consultation. The delay between
acceptance and the beginning of treatment was variable according to
the availability of semen. In the majority of cases, this delay
was about 1 year.

The data on each couple and donor were transmitted under ano-
nymous conditions to the Unité de Recherches Statistiques for coding



RESULTS OF AID FOR FIRST AND SUCCEEDING PREGNANCIES 213

and computer analysis. The temperature curves were carefully inter-
preted for each cycle with several aspects including temperatures,
days and durations being noted.

Treatment Evaluation

The patients were placed in one of four categories on the date
of assessment(January 31, 1978) as described by Schwartz and Mayaux

elsewhere in this volume(pg 198). These categories were: (1) Lost
to follow-up (patients for whom no data had been received since the
last insemination cycle, the results of which were not known); (2)
Success based upon 21 days of hypertherma and clinical or serological
confirmation of pregnancy, regardless of its out come ; (3) Dropouts

(women who had declared their withdrawal from the AID program);

(4) and Open cases(patients whose next treatment cycle had not yet
taken place on January 31, 1978). 1In regard to open cases, if there
had been a long delay, that is, greater than one year since the last
AID treatment, the patient was classified as a dropout rather than
an open case.

From the distribution of cases according to category, the suc-
cess rate as well as other more descriptive indices have been de-
termined. The latter include: (1) Rates per cycle of success, open
cases and dropouts ; (2) mean rates of success and dropouts for all
cycles ; and (3) cumulative success rates according to the life
table method. For the latter, a distinction was made between the
effective success rate which takes dropouts into account and the
theorétical success rate which ignores dropouts.

These calculations have been made for two treatment series:
Treatments for a first pregnancy (1188 women) and treatments for a
second or a third pregnancy which were grouped(142 women).

RESULTS

Series 1: Treatment for a first pregnancy

As reported in another study,1 the overall results(Table 1)
included a success rate of 45%, a miscarriage rate of 17% and a sex
ratio of 1.03. The results per cycle are given in Table 2; those
for the first 12 cycles being given individually, and those for
all cycles after the 12th being given as a group. The mean success
rate per cycle was 9.8% for the first 12 cycles.

The rates for successes, dropouts and open cases per cycle
are given in Table 3. From these, the cumulative success rates,
both theoretical and effective, were calculated(Table 4). The
median delays” for conception(time at which 50% of the population
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TABLE 2. C(lassification of patients seeking a first pregnancy

(series 1)
cycle No. pgziegis 22 fzfliff:u‘c‘ges:zs gﬁésc’ﬁtdx?fz;ezfaipiﬁd
up of cycle of cycle
1 1188 9 120 35 45
2 979 14 114 41 36
3 774 9 75 39 54
4 597 8 61 25 42
5 461 2 43 33 26
6 357 2 30 27 32
7 266 5 15 18 21
8 207 2 19 8 28
9 150 2 11 7 11
10 119 2 9 6 15
11 87 0 7 5 5
12 70 1 7 1 6
Total 5255 56 5112 2453 321
patients
x cycle
> 12 55 o] 18 7 30

1Permits calculation of the mean lost to follow-up rate per cycle:
56/5255 = 1.1%.

Permits calculation of the mean success rate per cycle: 511/5255
-56 = 9.8%.

Permits calculation of the mean dropout rate per cycle: 2u45/5255
- 56 - 511 = 5.2%.
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had conceived) under theoretical and effective conditions were 7 and
9 days respectively.

Series 2: Treatment for a 2nd or 3rd pregnancy

The overall success rate was 59% and the miscarriages occurred
in 17% of those conceiving(Table 1). Cycle by cycle assessment re-
vealed mean rates per cycle of 16.3% for successes, 1.3% for open
cases and 4% for dropouts(Table 5).

DISCUSSION

A previous study1 on the same population of women seeking a
first pregnancy demonstrated that age has an important influence on
the result of AID: The mean success rate per cycle dropped from
13.8% for women 25 or under to 5.3% for those over 35 years of age.
However, these results must be interpreted cautiously since childless
older women may constitue a population with a subfertility that is
independent of age. For instance, such women may have husbands in
whom it is not possible to confirm whether or not infertility is or
always has been complete: A man with oligozoospermia or astheno-
zoospermia, as opposed to one with azoospermia, may be capable of
fertilizing a highly fertile woman. Thus with time couples of this
type would be less and less likely to present for AID as compared to
those in which the woman is subfertile. 1In effect, the subfertile
woman could be said to have been selected by time. However, even if
there is such a selection, this does not change the fact that in
AID, the prognosis is:closely linked to the age of the woman. Ac-
cordingly, it is important to explore male fertility as early as
possible in order not to unecessarily compromise the prognosis by
delaying the initiation of AID.

In the present study, a second important factor, the result of
previous AID treatment, has been shown to affect success. The suc-
cess rate per cycle for women receiving AID for a first child was
9.8% whereas for women being treated in order to have a second or
third child, it was 16.3%.

The influence of age and previous AID results on the success
of an AID treatment have not been previously studied to our know-
ledge. Of 15 published studies on AID with cryopreserved semen,
only 5 include more than 100 cases(Table <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>