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Physicians and scientists from several countries who 
are active in hemophilia care and in the World Federation 
of Hemophilia (WFH) conferred in March 1990 at the 
headquarters of the World Health Organization (WHO) 
to define current principles of hemophilia management 
and probe ways to improve access to such care in a wide 
array of countries. During the 1990s, one should expect 
to find excellent comprehensive hemophilia care pro
grams in all industrialized countries. New or expanded 
programs should be promoted in countries with evolving 
health care systems. 

DESCRIPTION AND DIAGNOSIS OF 
THE DISEASE 

Hemophilia is a hereditary bleeding disorder affect
ing 15 to 20 of every 100,000 males born, with equal 
incidence in all ethnic groups and geographic areas that 
have been surveyed. Prevalence, which depends upon 
survival, varies according to available medical care. The 
disorder is inherited in a sex-linked recessive pattern. 
Thus, males are affected and females are carriers of the 
trait and occasionally affected, but usually mildly. Ap
proximately one third of cases are caused by recent ge
netic mutations. Excessive, prolonged, or delayed bleed
ing occurs because of the absence, decrease, or deficient 
function of plasma coagulation Factor VIII or IX, caus
ing hemophilia A (classic hemophilia, approximately 
85% of cases) or hemophilia B (Christmas disease, ap
proximately 15% of cases). The two types of hemophilia 
are clinically indistinguishable. In severe hemophilia, the 
most common site of bleeding is into the large joints of 
the limbs and the second most common site is into large 
muscles. With repeated bleeding, not controlled promptly 
by infusion of the deficient factor, progressive arthropa
thy and muscle atrophy ensue, leading to serious physi
cal, psychologic, and social handicaps.1-4 

Until recently, the main cause of death was hemor
rhage, especially in the central nervous system.5-7 In 
countries with highly developed hemophilia care pro
grams, therapy with plasma derivatives decreased mor
tality from bleeding. In the past decade, the foremost 
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cause of death has been acquired immune deficiency 
syndrome (AIDS) due to infection through use of con
taminated plasma products.8-11 Liver disease secondary 
to hepatitis also was a serious complication of treatment. 
Thus, improvement in survival and increasing average 
age were seen in hemophiliacs receiving plasma deriva
tive therapy during the 1950s through 1970s, but a de
crease in survival was seen in the latter half of the 1980s 
and is expected to continue into the 1990s because of 
deaths from AIDS.7 With introduction of viral-inacti
vated plasma derivatives in the mid-1980s, excellent life 
expectancy can be predicted for patients not previously 
infected, who include, of course, patients born in the 
1980s and coming of age in the early 21st century. This 
cohort of patients, if treated by current standards, should 
reach adulthood in good physical condition, autonomous 
and fully active, and able to take similar positions in 
society to their nonhemophilic brothers. 

The diagnosis of hemophilia is considered if a per
son with excessive bleeding has a family history of the 
disorder, or without such a history, if the bleeding pattern 
suggests the condition. In families with a history of he
mophilia, infants should not be circumcised until the 
disorder has been excluded by specific laboratory tests. 
Females who might be carriers should have assays of the 
relevant clotting factor, because some carriers have clin
ically significant subnormal factor levels. 

Severe hemophilia is usually clinically obvious and 
does not present a diagnostic dilemma. Persons with mild 
hemophilia may have prolonged bleeding only after nota
ble trauma or surgical operations. Some persons are 
found to have mild hemophilia because a routine preoper
ative screening test, such as the activated partial throm
boplastin time (APTT), is abnormal. Factor tests avail
able at a specialized laboratory should include assays for 
Factors VIII, IX, and XI, and tests that distinguish and 
define von Willebrand's disease, such as the ristocetin 
cofactor test, ristocetin-induced platelet aggregation, and 
an immunologic test for von Willebrand factor antigen. 
To reduce variation in factor assays in specialized clinical 
coagulation laboratories, internal quality control proto
cols should be established and participation arranged in 
national and international quality assurance schemes. 
Reference plasmas can be calibrated against the Interna
tional Standard for Factor VIII and von Willebrand Fac
tor in Plasma. 

Laboratories in expert hemophilia centers also can 
screen patient plasma for antibodies (inhibitors) to coag
ulation factors, which develop in some patients after 
treatment, and often are suspected when a patient does 
not respond adequately to plasma derivative treatment. 
The potency of the inhibitor can be measured using a 
standardized quantitative assay. As with factor assays, 
inhibitor measurements may vary from one laboratory to 
another because of differing reagents and variations in 

technique. Most commonly, the Bethesda system is used 
to quantitate inhibitors.12 

CURRENT MANAGEMENT 
OF HEMOPHILIA 

Comprehensive Centers 

Optimum management of hemophilia is achieved 
through specialized expert interdisciplinary comprehen
sive care centers, which supervise local medical care and 
patient self-infusion of plasma derivatives. Centralized 
supervision gives patients with a rare disease access to 
knowledgeable experts in an efficient manner. Improved 
therapies can be instituted quickly. 

Centers are usually located within general hospitals, 
although some successful ones have been established in 
other settings. A fundamental requirement is a designated 
physical area where hemophiliacs may expect a sympa
thetic and knowledgeable reception. Preferably, all staff 
are based in or near the center so that patients can receive 
all needed treatment at one place and on one occasion. 
Staff meet regularly to discuss and plan patient manage
ment. Care of acute problems such as bleeding episodes 
must be prompt, appropriate, and available at all hours. 

Frequency and purpose of visits to a comprehensive 
center depend on patient circumstances. Newly diag
nosed patients, often babies, are seen frequently. Routine 
care such as immunizations may provide an opportunity 
to educate parents about hemophilia. When a child is a 
few years old, families are often prepared to take over 
infusion of plasma derivatives. They are taught about 
signs and symptoms of bleeding, management of emer
gency situations, decisions about which hemorrhages re
quire center treatment, preparation of the plasma deriva
tive for infusion, calculation of dosage, safe veni
puncture and infusion techniques, and the appropriate 
method of maintaining communication with the center 
about bleeding episodes. Such training may take many 
hours over several days or weeks. When a child reaches 
the age of about 10 years, he can often be taught to take 
over his own infusions. Adolescents and adults without 
complications may be seen at the center for routine re-
evaluation and advice yearly. 

Scheduled center evaluations typically include inter
val history and physical examination with recommenda
tions for plasma derivative use; evaluation of the muscu
loskeletal system with recommendations for fitness 
programs, therapeutic exercise, or orthotic devices; ex
amination of the teeth with plans for appropriate care 
(because hemophiliacs often have avoided dental care, or 
have had difficulty finding a willing dentist, for fear of 
bleeding); and a conversation about problems of personal 
and family adjustment, school or work achievement, and 
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(if necessary) finances of medical care. A nurse-coordinator 
often serves as the primary contact for patient and family, 
integrates care, and arranges all special consultations. 

Patients with special problems, such as unstable 
musculoskeletal disability, poor psychologic or social 
adjustment, or human immunodeficiency virus (HIV) in
fection require more frequent visits. When care of HIV-
infected patients is integrated into center activities, conti
nuity of care is maintained for the patient. Consultation is 
obtained as needed from specialists in infectious disease 
or other fields. Additional funds are needed for care of 
these patients, including additional laboratory tests (such 
as counts of CD4 lymphocytes) used to monitor the stage 
of infection, and drugs, such as zidovudine and pentami
dine, which slow the progress of HIV infection or prevent 
opportunistic infections. 

Hematological Management 

Hematologists have been involved intensively with 
the care of hemophiliacs for decades and protocols for 
hematologic management have been described in gener
ally available sources.13 Some issues remain unresolved. 
One such issue is the minimum effective dose of Factor 
VIII (or Factor IX) for hemostasis. Doses of Factor VIII 
in the form of concentrate used in some industrialized 
nations in the 1970s and 1980s were generous. Through 
close observation at a boarding school for boys with 
hemophilia,14 dosage has been related to the probability 
of rapid hemostasis, depending on severity and duration 
of bleeding and on the susceptibility of any particular 
joint in a particular boy to frequent hemorrhage, thus 
suggesting that minimal adequate dosage must be judged 
for each hemorrhage in each patient. To conserve factor 
products, close communication between patient and phy
sician or nurse is needed. 

Another unresolved issue is the relationship be
tween total dosage of clotting factor received and long-
term musculoskeletal condition. Studies now in progress 
to define that relationship as well as the results of prophy
lactic infusions from an early age will help define the 
amount of musculoskeletal damage that can be pre
vented, and the price of prevention. 

Of major importance is elimination of blood-borne 
infections, which has become possible through physical 
or chemical viral inactivation processes, such as heat or 
solvent detergent treatment applied to clotting factor con
centrates.15,16 Furthermore, various chromatographic 
processes are being used to produce Factor VIII and IX 
concentrates of very high purity.17 Use of highly purified 
Factor IX concentrate in hemophilia B may avoid the 
excess thrombogenicity (for example, deep vein throm
bosis) sometimes associated with concentrates containing 
other clotting factors in addition to Factor IX. Factor VIII 
concentrates prepared by recombinant DNA techniques 

have been developed recently and are in large-scale clin
ical trials. Efficacy has been demonstrated, but long-term 
safety studies continue. Advances in production tech
nique will affect cost and may determine whether recom
binant coagulation factors will replace treatment with 
plasma derivatives.18 

Blood-borne infections also can be avoided in pa
tients with mild hemophilia A or von Willebrand's dis
ease by use of the synthetic vasopressin analogue, des
mopressin (DDAVP), which stimulates release of Factor 
VIII and von Willebrand factor from storage sites.19 The 
drug is usually given by the intravenous route, but re
cently more convenient routes of administration, includ
ing subcutaneous injection and nasal sprays, are proving 
to be effective. 

Inhibitor antibodies that arise against the deficient 
factor create major impediments in the control of bleed
ing.20 In a majority of patients, inhibitors can be sup
pressed with regimens of immune tolerance induction, 
which utilize regular administration of the factor concen
trate, occasionally together with immunosuppressive 
drugs. Ways to control bleeding in patients with inhibi
tors are being studied intensively. Concentrates used in
clude high doses of human Factor VIII, or porcine Factor 
VIII (because human inhibitors inactivate nonhuman 
Factor VIII to a much lesser extent than they inactivate 
human Factor VIII) and activated prothrombin complex 
concentrates (which may contain activated factors or 
complexes of factors that bypass the need for Factor 
VIII). There are currently under trial separate compo
nents of prothrombin complex that also bypass Factor 
VIII, notably Factor VIIa, now made by recombinant 
technology. Reduction of inhibitor levels by adsorption 
of antibodies from extracorporeal plasma during plasma
pheresis also is available at some sites. 

The future holds the hope of cure. A few patients 
undergoing liver transplantation subsequently have pro
duced normal levels of the formerly deficient factor. The 
mortality rate of this procedure is substantial and patients 
must endure life-long immunosuppressive therapy. Thus, 
such a procedure is justifiable only for selected patients 
with end-stage liver disease. Although organ transplanta
tion may not be feasible for the hemophilic population in 
general, gene transplantation may become possible. It is 
already possible to introduce the Factor VIII or Factor IX 
gene in human cell lines, which then synthesize func
tional coagulation factors.21,22 If the many technical 
problems of gene transplantation can be solved, such 
procedures may put an end to the need for coagulation 
factor replacement. 

Management of Musculoskeletal Problems 

Functional disorders caused by the sequelae of joint 
and muscle hemorrhages can be severe. The aim of good 
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care is to reduce the incidence of early impairments, to 
limit or reverse progression into disability, and prevent 
the progression of disabilities into handicaps that impair 
the patient's ability to integrate fully into society.23 Com
prehensive care center staff should include persons dedi
cated to prevention and treatment of musculoskeletal dis
orders, who examine patients at least once a year, 
assessing range of motion of joints and strength of mus
cles, so that problems may be found at an early stage 
where prevention of impairments is still possible. 

Patients with hemophilia should be advised to un
dertake regular physical activities and participate in 
sports to develop and maintain a strong musculature. 
Patients with strong muscles are less likely to sustain 
joint or muscle hemorrhages and, if such injury does 
occur, recover more rapidly. Parents of young patients 
must also be instructed about the benefits of exercise. 
Education is undertaken during visits to the center and 
reinforced by publications, with diagrams, easily under
stood by families and by local paramedical personnel. 
Sports advised for the patient are those with the least 
likelihood of trauma and the greatest potential for excer-
cising all joints and muscles; examples of sports with 
minimal risk are badminton, fishing, rowing, table ten
nis, ballroom dancing, golf, swimming, and walking. Of 
these sports in which most hemophiliacs can participate 
safely, swimming is the most beneficial for the develop
ment of all muscles. Boys do not want to be different 
from their peers, so other sports also must be considered 
in which the physical, psychologic, and social benefits 
may outweigh the risk of trauma. These more risky sports 
should be supervised by experts who give the hemophil
iac proper training, using reliable equipment. The patient 
also should be taught exercises to be done at home. 

To prevent or reverse early impairment of function 
due to acute hemorrhage, the musculoskeletal specialist 
should use and teach such strategies as immobilization of 
the limb and use of ice during an acute hemorrhage, and, 
after hemostasis is secured, use of muscle setting exer
cises followed by active mobilizing exercises and active 
stretching. 

For patients with disabilities such as unstable or 
painful joints or muscle wasting, specialized equipment 
such as splints and braces should be available.24 Stabiliz
ing a joint by taping or similar inconspicuous means is 
more acceptable to youngsters than heavy braces. Useful 
modifications of shoes include heel lifts (when one leg is 
shorter than the other) or shock-absorbing soles (of great 
benefit for arthritis of the ankle). Wheelchairs and adap
tations of bicycles and automobiles should be made, and 
adaptive furniture or architectural changes made at home 
or work. 

When pain or contractures are causing disabilities, 
the orthopaedic surgeon should have facilities for opera

tive intervention. Hematologic care (laboratory facilities 
and plasma derivative therapy), operating rooms, postop
erative facilities, and care should be of a high standard. A 
center and an orthopaedic surgeon familiar with the oper
ative treatment of hemophilia patients are essential. 

Several orthopaedic rehabilitative procedures have 
proven useful in hemophilia. When hemorrhages are re
current and synovitis has developed that does not respond 
to conservative management (such as prophylactic factor 
replacement, anti-inflammatory medications, and a com
bination of protective splinting with isotonic exercises), 
radionucleotide synoviorthesis should be considered. 
When there is angular deformity at a painful deformed 
joint, osteotomy may be useful. A painful arthritic elbow 
with restricted range of motion may benefit from excision 
of an enlarged radial head. A painful, severely arthritic 
ankle joint with restricted range of motion is best treated 
with arthrodesis. Good range of motion in the hip and 
knee are important for the activities of daily living. Thus, 
if one of these joints is damaged by advanced arthritis, 
total joint replacement may be the treatment of choice. 

Rehabilitation is not the work of the musculoskeletal 
specialist and hematologist alone. The social worker as
sesses the patient at the center and also visits the patient 
at home, contacts local authorities, school or work, and 
educates them about hemophilia to try to achieve integra
tion of the person with hemophilia into society. Advice as 
to choice of school and vocation may be given in collab
oration with a psychologist, who may want to test the 
patient. If there are disabilities that hinder the patient 
during his education or work, advice about possible ad
aptations, or other forms of schooling, or retraining, 
should be done as a joint effort among center staff mem
bers. 

GENETIC SERVICES 

Genetic Counseling 

The aims of genetic counseling are to communicate, 
in a nondirective way, the features and recurrence risks of 
the disorder with information about possible alternatives, 
such as prenatal diagnosis and selective abortion. Emo
tional support for the person seeking information and the 
family must be provided during and after counseling re
gardless of the decisions that may have been made. In 
order to make decisions about reproduction, it is not 
sufficient to be armed with technical information alone. 
It is also necessary to deal with such emotions as guilt, 
resentment, anger, and fear. 

Hemophilia centers provide the most appropriate 
setting for genetic counseling. Definitive counseling 
should be offered after puberty to girls who may be 
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carriers. They should be invited to bring prospective part
ners in parenthood to counseling sessions so that deci
sions about reproduction are made together, avoiding 
subsequent guilt, blame, and resentment wherever possi
ble. Women who request investigation and counseling 
for the first time when they are already married should be 
urged to attend with their husbands for the same reasons. 

For some hemophiliacs and their relatives, abortion 
and attempted prevention of transmission of the defective 
gene are unacceptable on moral grounds. Some carriers 
regard selective abortion as implied rejection of a much-
loved relative, such as a hemophilic father, brother, or 
son. 

Carriers are faced with difficult decisions. Families 
have differing priorities and choose different courses of 
action. Whether a carrier has decided to have selective 
abortion or has opted to take the chance of having a 
hemophilic son, she should not be made to feel guilty 
about that choice by staff members who might have cho
sen differently for themselves. 

Carrier Detection and Prenatal Diagnosis 

Accurate carrier detection and early prenatal diag
nosis are effective forms of control of an inherited dis
ease. Obligate or proven carriers (daughters of hemophil
iacs, mothers of hemophiliacs with antecedent hemo
philic relatives) can be identified easily from the family 
pedigree. Among potential carriers are those women with 
a maternal hemophilic relative and those women (about 
30% of mothers of hemophiliacs) with one hemophilic 
son and no further family history. Most of the latter have 
carried the trait unwittingly, due to a recent mutation in 
germ cells of their parents or grandparents, but some may 
have produced a unique ovum with the mutation. Some 
women may have somatic or germline mosaicism, com
plicating attempts at accurate diagnosis. 

Phenotypic diagnosis of the carrier state is based on 
several observations.25'26 Obligate carriers of hemophilia 
have, on average, 50% of the normal plasma level of 
Factors VIII or IX measured biologically, that is, half of 
carriers have factor levels below the normal range. Be
cause of the large normal range of Factors VIII and IX in 
plasma and the process of lyonization (random inactiva-
tion of one of the X chromosomes in females), a signifi
cant overlap between plasma factor levels found in nor
mal women and obligate carriers is found. In hemophilia 
A, the evaluation can be improved by also measuring the 
plasma level of von Willebrand factor (vWF), which 
serves as a carrier of Factor VIII in plasma and also 
protects unactivated Factor VIII from proteolytic degra
dation. Thus, although the ratio of factor VIII to vWF is 
1.0 in normal plasma, in carriers of hemophilia A it is 
close to 0.5. Determination of this ratio is the best pheno

typic discriminant for carrier detection. Even so, some 5 
to 10% of obligate carriers of hemophilia A still appear to 
be phenotypically normal given the best estimates of 
plasma Factor VIII and vWF levels. 

Phenotypic prenatal diagnosis by measurement of 
Factors VIII or IX levels in fetal blood obtained at fetos-
copy at 18 to 20 weeks' gestation has been very effective 
in skilled hands.27 However, since sampling is only pos
sible in the second trimester, any resulting termination of 
an affected fetus is at a gestational age that many find 
unacceptable. 

The ideal method for carrier detection and prenatal 
diagnosis is identification of the affected gene in possible 
carriers and in fetuses at risk, that is, genotypic analysis, 
which is rapidly supplanting phenotypic analysis wher
ever possible.28-30 Identification and tracking of the de
fective gene can be performed in two ways, either using 
restriction fragment length polymorphisms (RFLPs) or 
detection of specific DNA abnormalities. With RFLPs, 
normal polymorphic DNA variations within or close to 
the gene serve as markers for that gene. The usefulness of 
an RFLP depends on several factors, including frequency 
of polymorphism (heterozygosity) within a specific pop
ulation. At many gene sites where heterozygosity is com
mon in women of European descent, homozygosity is 
usual in women of Asian descent. 

In hemophilia A, five intragenic RFLPs, all dial-
lelic, have been described. Linkage disequilibrium (the 
tendency for one allele of one RFLP to associate with a 
particular allele of a second RFLP) results in an overall 
usefulness of these intragenic RFLPs in 70 to 80% of 
persons of European descent, and a lesser percentage of 
other racial groups. In addition, two linked polymorphic 
loci close to the Factor VIII gene locus have been ob
served. A crossover rate of about 5% between these loci, 
which are close together, and the Factor VIII gene limits 
their usefulness. 

In hemophilia B, six intragenic Factor IX RFLPs 
and one useful linked RFLP have been described. Over
all, by combined use of the intragenic RFLPs, some 90% 
of females of European descent are heterozygous. This 
figure is considerably lower in other racial groups. 

Genomic diagnosis also can be accomplished by 
detection of the specific defect at the DNA level that 
causes hemophilia in a particular individual. Such detec
tion is difficult in hemophilia A because of the size and 
complexity of the Factor VIII gene. Specific mutations 
causing hemophilia A include total and partial deletions, 
insertions and point mutations, detected in the factor VIII 
gene in about 10% of patients studied.31-33 

For hemophilia B,34,35 the ability to detect DNA 
defects has improved dramatically in the past 2 years with 
the introduction of the polymerase chain reaction (PCR) 
technique of DNA amplification. With PCR, complete 
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DNA sequencing of the eight exons within the Factor IX 
gene has allowed the defect to be found in almost all 
patients examined. As with hemophilia A, a series of 
deletions, insertions, and, in particular, point mutations 
have been described. 

Genotypic analysis has a considerable advantage 
over phenotypic analysis, since it generally gives an ab
solute diagnosis when informative. Carrier detection by 
intragenic RFLP analysis can be considered to have a 
very high level of accuracy as, of course, has direct 
defect detection. Single tests are generally required and 
modern PCR technology means that only very small sam
ples of blood or other tissue are required. Importantly, 
prenatal diagnosis can be performed in the first trimester, 
between 10 and 12 weeks gestation, by analysis of DNA 
obtained from chorionic villi samples. RFLP analysis, 
because it does not detect the gene defect but only a 
polymorphic marker close to it, does have certain limita
tions. Essential family members must be available to 
allow for unambiguous tracking, and certain females 
within the family must be heterozygous for at least one of 
the RFLPs available. Mistaken paternity can also occa
sionally cause errors of interpretation. RFLP analysis is 
of limited use in families with sporadic hemophilia (that 
is, no prior history of hemophilia) where it can diagnose 
the noncarrier state in some females but cannot rule out 
the carrier state in others. The advantages of RFLP anal
ysis are that it is applicable to all types of hemophilia 
irrespective of the gene defect, and, with PCR technol
ogy, it is becoming a relatively simple, inexpensive, and 
quick procedure. In contrast to direct defect detection, 
RFLP analysis may be informative when none of the 
hemophiliacs in the kindred are alive or available. 

DNA is extremely stable and can be stored for many 
years. Because genotypic analysis by direct defect detec
tion invariably requires DNA from an affected hemophil
iac, it is very important to obtain and store suitable sam
ples, particularly in view of the current high mortality 
rate from AIDS in hemophiliacs in some countries. 

HEMOPHILIA PROGRAM DEVELOPMENT 

General Observations 

The development of a hemophilia program requires, 
firstly, recognition of need and then the knowledge and 
enthusiasm necessary to secure and develop resources. 
Evidence of need is gathered by creating a register of 
patients with hemophilia and related coagulation disor
ders, identifying their demography, severity of illness, 
and unmet needs. Hemophilia care is an impossible fi
nancial burden for the affected individual and his family. 
Thus, public funding is needed. In applying for such 

funding, it may be helpful to point out that appropriate 
hemophilia care has been proved to prevent handicaps. In 
terms of outcome, therefore, the treatment of hemophilia 
may be considered a highly effective use of resources. In 
considering costs, it is important to assess the costs of 
nontreatment or undertreatment, such as dependency of 
the patient and his parents, which result in long-term 
economic burdens falling directly or indirectly on gov
ernments. In addition, plans for hemophilia care can be 
integrated with plans for improvement of transfusion and 
laboratory services and for hematologic services for other 
disorders, thus benefiting a much wider group of patients 
and enlisting the support of more health professionals. 

Funding of a hemophilia program can be met in 
different ways. In countries with national health systems, 
hemophilia care is assumed to be covered. Supplemen
tary funds, however, may be needed for specialized he
mophilia centers. Systems requiring patient co-payment 
for medications and medical care must exempt persons 
with expensive lifelong disorders such as hemophilia. In 
some countries, intravenous infusion of blood products at 
home is forbidden by law; thus, legislation is needed to 
exempt hemophiliacs. In countries without national 
health systems, only employed persons have health insur
ance, thus excluding most hemophiliacs. In these coun
tries, governments may be asked to list hemophilia 
among diseases causing exceptional social and financial 
burdens, thereby entitling patients to free medical care. 

Hemophilia program development requires deter
mined leaders. Typically, the initiator or developer of a 
program is a specialist physician with a main commit
ment within the fields of hematology or blood banking. 
Lay organizations (such as hemophilia societies, often 
led by parents of affected children and by adult patients) 
sometimes are the driving forces. In either instance, suc
cessful programs are difficult to establish and maintain 
without financial and other support services of govern
ments. 

Delivery of comprehensive care requires active col
laboration of a variety of health care professionals. Ways 
must be found of involving such persons in hemophilia-
related problems, persuading them to make commitments 
of time and effort, and educating them in the principles of 
hemophilia management. The motivation for such staff is 
rarely financial. They are more often attracted by the 
intrinsic interest of the work, the potential for recognition 
of their expertise and contribution to a field of medicine 
in which relatively few people can be regarded as ex
perts, and opportunities for academic studies. 

The concept of the "hemophilia center" is now well-
established as essential, but the specifications and func
tions of centers may differ greatly according to local 
circumstances. In countries with evolving health care 
systems, hemophilia centers are highly likely to be part of 
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larger hematology services or be closely associated with 
blood banks. As programs mature, the organizational 
framework may shift toward fewer but larger centers with 
high levels of expertise and technology, but with less 
involvement in day-to-day aspects of primary care. Ma
jor causes of this shift in emphasis are improvement in 
education of the patient, the family, and local health 
practitioners, and expansion of supervised self-infusion 
programs in which family members or local medical per
sonnel administer plasma derivatives quickly at the onset 
of hemorrhages. Self-treatment programs have the ad
vantage of providing rapid hemostasis and thus minimal 
damage to tissues, minimal sequelae, and little disruption 
of normal schedules and activities. On the other hand, 
such programs shift control and responsibility away from 
the physician toward the patient and family. The former 
may be unhappy to lose control and the latter may not be 
prepared to accept responsibility. 

The mainstay of hemophilia care is adequate avail-
ability of lyophilized virus-inactivated concentrates of 
plasma clotting factors. Cryoprecipitate and plasma, 
which are not viral-inactivated, sometimes are still used 
but are not ideal. Concentrate availability entails an ade
quate supply of plasma (obtained through separation of 
blood components or through plasmapheresis) and the 
necessary technology to fractionate it. Some countries 
develop and use their own fractionation facilities, either 
private or state-owned. Other countries contract with ex
ternal fractionation facilities, which may be a good 
means to avoid unnecessary duplication of expense and 
effort. The goal is to provide enough concentrate to pre
vent most handicaps in all the hemophiliacs in the coun
try. 

Role of Transfusion Services 

Countries with inadequate transfusion services are 
not ready for initiation of modern hemophilia care. Such 
care can be developed only where there is a well-orga
nized and efficient blood transfusion network continu
ously providing adequate, safe blood products on an 
equitable basis. Cryoprecipitate and fresh-frozen plasma, 
the simplest blood products used to treat hemophilia, can 
be prepared easily as by-products from whole blood do
nations with elementary technology within the grasp of 
all countries. To prepare viral-inactivated products, the 
introduction of freeze-drying technology and heat treat
ment is important. The League of Red Cross and Red 
Crescent Societies (LRCS), WHO, and the International 
Society of Blood Transfusion (ISBT) stand ready to assist 
developing countries to shape their blood transfusion ca
pabilities and establish an integrated quality assurance 
program. Problems in providing adequate transfusion 
services have increased because of the AIDS epidemic, 

since an additional financial burden is entailed to test for 
HIV. An international group, the Global Blood Safety 
Initiative (GBSI), initiated by WHO, LRCS, and ISBT, 
with input from WFH, has published its first recommen
dations on the structuring of safe and effective blood 
transfusion organizations, on the equipping and supply of 
laboratories and blood banks, and optimal use of essen
tial blood components, plasma derivatives, and substi
tutes. 

Self-sufficiency is the goal of an increasing number 
of national transfusion services. Human blood for trans
fusion should be regarded as a national resource to be 
shared by all on an equitable basis. The community is the 
basic shareholder and the medical profession is the prin
cipal protector of the resource. All appropriate segments 
of the population should be motivated to donate blood 
voluntarily. National health authorities should accept 
their fundamental responsibility to protect the blood do
nor and the patient by instituting good standards of prac
tice and a mechanism for inspection, control, and regis
tration. 

A national fractionation policy is needed to facilitate 
production of the needed amount of quality plasma prod
ucts, such as purified and safe Factor VIII and IX prepa
rations, albumin, and gamma globulin, whether pro
cessed within the country or at another reliable location. 
One or more national reference laboratories should be 
organized and maintained for development of blood bank 
technology and for training and ongoing education of all 
blood bank personnel. 

Specific Proposals for Pilot Programs for 
Hemophilia Care 

Pilot programs for the establishment or betterment 
of hemophilia care have been a major interest of WFH. 
Such programs are small in scale and, of course, may not 
be successful in every instance. A country targeted for 
such a program should meet certain prerequisites, includ
ing the presence of a functioning blood transfusion sys
tem that has the potential for, or includes, some blood 
component production, and the presence of a key person 
who has espoused interest and willingness to provide 
hemophilia care. Pilot programs may be applied at two 
levels, at a primary level in a country that is about to 
initiate hemophilia care or at a secondary level in a coun
try with an existing hemophilia program that wants to 
increase its degree of sophistication in hemophilia care. 
If such countries are also strategically placed in a partic
ular geographic area, they might then serve as a reference 
center for that area and undertake the task of developing 
and improving hemophilia care in neighboring lands. 

At the primary level, consideration should be given 
to Zimbabwe, where a transfusion service is present in 
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Harare and a key person has been identified. Blood trans
fusion services and plasma fractionation facilities are 
found in many sites in the People's Republic of China, a 
highly qualified country and a high priority target for 
primary hemophilia care development. 

A transfusion service exists in Indonesia and an 
interested physician has been identified, and in Vietnam 
active steps are being taken to rehabilitate their medical 
services and the Institute of Haematology in Hanoi has a 
strong interest in hemophilia care. 

In the subcontinent of India, transfusion services 
exist in several cities and WFH has recently staged work
shops in Calcutta, Trivandrum, Delhi, and Vellore. 
Progress in establishing hemophilia care, however, is 
slow. 

In the Philippines, a transfusion service and consid
erable medical expertise exist, but hemophilia care is 
lacking in many parts of the country. 

Attention to eastern Europe may be appropriate. 
Political barriers have fallen and in this atmosphere much 
can be done for hemophilia care in such countries as 
Poland, Romania, Hungary, Czechoslovakia, and Soviet 
countries. 

In South America, WFH workshops recently have 
been staged in Bogota and Medellin in Colombia and one 
soon will take place in Santiago, Chile. 

At the secondary level, several opportunities exist. 
In the Malay peninsula, transfusion programs exist in 
Kuala Lumpur, Malaysia, and also in Singapore, but the 
outreach to hemophilia care is limited. An excellent 
transfusion service exists in Bangkok with considerable 
modern technology and sophistication, thanks, in part, to 
the France's Cultural and Scientific Exchange Pro
gramme. Hemophilia care is good in Thailand, but this 
country now has a vast potential for expansion of hemo
philia care as well as the potential ability to provide help 
to neighboring lands such as Vietnam, Indonesia, the 
Philippines, and perhaps even Sri Lanka, Pakistan, and 
India. 

Costa Rica is an exemplary model of development 
of hemophilia care at the primary level and one of the 
triumphs of WFH. This country now wants to develop 
more sophisticated diagnostic methods, including carrier 
detection and prenatal diagnosis by genomic analysis, 
and also wants to develop new therapeutic products. If 
assisted to achieve these goals, Costa Rica can then help 
expand hemophilia care in Central America, northern 
South America and the Caribbean. Brazil (Rio de Jan
eiro) and Argentina (Buenos Aires) have standards of 
hemophilia care similar to those of Costa Rica and also 
have the potential to help expand hemophilia care in 
neighboring lands such as Uruguay, Paraguay, Bolivia, 
Peru, and other parts of Brazil and Argentina. 

The International Haemophilia Training Centers 
(IHTCs) Committee of WFH is concerned with introduc
ing and expanding the knowledge of medical care of 
people with hemophilia in the developing world.36 At
tempts to achieve this objective are made by two meth
ods. The first involves the award of Fellowships to med
ical or paramedical persons with a proven interest in 
hemophilia in their own countries who are assured of 
being able to continue working in hemophilia care on 
return home after a Training Fellowship in a center of 
excellence. The second method is the utilization of work
shops, in which a short but intense teaching exercise is 
conducted in a third-world country by persons selected 
by the Training Centre Committee. These workshops 
may consist of open consultative clinics, "wet" labora
tory teaching, and lectures by the visiting team. 

The IHTCs are a group of 23 strategically located 
hemophilia centers throughout the world. Each of these 
centers has comprehensive facilities for the treatment of 
persons with hemophilia and operates under the leader
ship of a Director who is a member of the IHTC Commit
tee. (For geographic and linguistic reasons, a few centers 
were included that provide excellent primary care but 
may not have the advanced technology of the most in
dustrialized countries; thus, they may qualify for second
ary development). Most of these centers are located in 
university affiliated teaching hospital environments. 
Centers may be called on to accept Fellows for short 
training periods or to staff relevant workshops. Since its 
inception in 1970, over 80 Fellows have been trained in 
IHTCs. 

In WFH/IHTC Workshops, formal instruction is not 
of itself sufficient to improve hemophilia care. WFH 
executive members consult with local or national health 
department officials to elicit a commitment to develop 
hemophilia care. Improvement of blood transfusion ser
vices and instruction on blood transfusion principles and 
organization is an essential part of workshop programs. 
To date, more than 22 workshops have been held under 
WFH auspices. 

It may be advisable to develop combined WFH-
WHO workshops in two or three specific countries over 
the next 2 or 3 years, followed by establishment of early 
hemophilia programs in these countries. Subsequent ob
jective follow-up assessments of achievements in these 
countries will guide implementation of similar proposals 
in other countries. 

At the same time, it may be advantageous to mount 
a WFH-WHO effort to attain a more sophisticated level 
of development in two countries with already established 
hemophilia care programs. Such developments might 
concentrate on the control of hemophilia at the genetic 
level by emphasis on carrier detection and counseling. 
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Other areas of concern might include improved diagnos
tic methods and improved management of musculoskele
tal complications of hemophilia. Countries receiving 
such training should be encouraged to support and in
struct the efforts of neighboring lands toward hemophilia 
care. The development of teaching, ambassadorial, and 
diplomatic skills would be involved. 

Example and Advice of Thailand 

Developing countries contain three-quarters of the 
world's population. They differ markedly in many Ways, 
and implementation of hemophilia programs should be 
adjusted to suit each country and region. Thailand has 
been exceptionally successful in establishing an excellent 
hemophilia care network, beginning in 1978 to 1980 with 
conferences on bleeding disorders to interest and moti
vate health authorities. 

Although the prevalence of hemophilia is low, pa
tients bleed frequently and develop many problems with 
social implications. However, programs for care will 
gain support more easily if they are not limited to hemo
philiacs but cover all bleeding disorders, such as those 
caused by infections, liver disease, malignancies, snake 
bites, and surgical and obstetric complications. Plans for 
hemophilia care should include improvement of blood 
banks, blood products, hematology and coagulation lab
oratories, and other medical facilities, thus benefiting 
many patients, raising the standards of medical care in 
general, and arousing the interest of a wide spectrum of 
health care providers. Hemophilia programs will be suc
cessfully implemented in the health system when govern
ment authorities recognize the significance of effective 
management of bleeding disorders and include them in 
their national health development plans and national 
health care system. A national center for blood diseases is 
recommended for supporting a hemophilia program. 
Linking it to the Red Cross, hematology society, hemo
philia society, public and private granting agencies, and 
other institutes and organizations will strengthen its sup
port. 

A national hemophilia registry should be established 
as a basis for planning national health policy for the 
management of hemophilia. Such a registry should in
clude not only the numbers and locations of hemophili
acs, but also a tally of disabled or handicapped persons 
and should track blood-transmitted infections such as 
HIV. 

In developing countries, transportation of hemophil
iacs to major hemophilia centers is very difficult, and 
health care resources including manpower and money are 
limited. Thus, promotion of home care is essential. 
Treatment can be provided with blood products pre

pared in the country, such as lyophilized cryoprecipi-
tate or plasma, stored in home or village communal re
frigerators, which also may be constructed within the 
country at less expense than with importation. Village 
health personnel can assume the responsibility of home 
care therapy by storing the blood product and performing 
the infusion. Home care in developing countries has re
duced hospital admissions very markedly and, because 
care is given promptly, has reduced the severity and 
sequelae of hemorrhages and the total consumption of 
plasma products. Another benefit is the patient's psycho
logic independence, well-being, and improved quality 
of life. 

The smallest local hospitals can provide care for 
simple problems. Larger regional hospitals can provide 
secondary medical care for such problems as major hem
orrhages, dental extractions, and minor surgery, whereas 
a tertiary-care facility might house the hemophilia com
prehensive care center and be responsible for such com
plicated problems as major surgery and management of 
patients with inhibitors. Management of hemophiliacs 
with HIV infection should be undertaken by the hemo
philia care system in collaboration with the national 
AIDS program. Patient education and genetic counseling 
can be provided at every health care level described. 
Prevention of the disease is aided by carrier detection, 
which should be available in at least one center in each 
country. In populous countries, prenatal diagnosis of he
mophilia should be made available, whereas smaller 
countries may use the services of a neighboring nation. 

Improvement of blood banking and provision of an 
adequate supply of HIV-safe plasma products are vital to 
betterment of hemophilia care in developing countries. 
Collection of blood in plastic bags facilitates its separa
tion into components, including plasma and cryoprecipi-
tate, that can be lyophilized and supplied to local and 
regional hospitals. Plastic bags, however, usually are 
imported and expensive. The manufacture of such bags 
in developing countries is a desirable goal, but mastery of 
the technology is sometimes difficult. Indeed, each coun
try or region should be encouraged to produce or manu
facture its own equipment, reagents and therapeutic ma
terials to the greatest extent possible in order to control 
costs. In large countries, plasma fractionation facilities 
can be developed locally. Smaller neighboring countries 
can share such facilities using their own raw plasma. 
Such a strategy would lower the cost of plasma products 
dramatically. 

Ongoing training of medical personnel is important, 
and attention should be paid to career development of 
young staff members who will carry on the work initiated 
by their more senior colleagues. The assistance of WFH 
in providing training is very useful. The knowledge 
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gained can be passed on to other colleagues in the same 
country and in neighboring countries. 

CONCLUSION 

Improvement of hemophilia care around the world 
by the end of the century depends on persistence in and 
support for proven methods of hemophilia care, on con
tinued research into possible means of cure (gene ther
apy), and on expansion of hemophilia Care to areas of the 
world where it is inadequate. In the latter pursuit, intense 
efforts expended by WFH on a few appropriate and re
ceptive countries are deemed likely to have the most 
benefit. 
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