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Johann Lukas Schoenlein Award 2000

I. SCHARRER

The Johann Lukas Schoenlein Prize was first awarded in 1977, sponsored originally
by the Immuno Company, now Baxter, to commemorate J. L. Schoenlein, who gave
the name to hemophilia. Schoenlein was made a professor at the early age of 26 and
taught in Zurich from 1833 to 1840.

The objectives of the Prize are laid down in the Statutes as follows:
The Prize serves to advance clinical research in the area of chronic blood diseases,
particularly hemophilia and related congenital diseases of blood clotting. This is an
exclusively charitable foundation and achieves this objective by the award of the
J.L. Schoenlein Prize for exceptional scientific works.
The recipient of the award is decided by a curatorium consisting of seven scientists
and one representative of the foundation.
The criteria on which the curatorium bases its decision include scientific value, cli-
nical relevance, innovation, originality, effectiveness and presentation.

This year we have had a record number of ten entrants. Never before have there
been so many from Germany, Switzerland and England as in this year. Even more
exciting is that most of these were of an equally high, even extremely high standard,
and the curatorium has had to expend much more time and effort than previously
in making its decision.

After a thorough examination, the choice fell on Dr. L. Alberio and his co-
workers for the work: »Surface expression and functional characterization of
alpha-granule factor V in human platelets: effect of ionophore A23187, thrombin,
collagen and convulsin«. This was published in the journal »Blood« during the year
2000.

The work was done during a scientific sabbatical in Oklahoma in conjunction
with Safa, Clemetson, Esmon and Dale between 1997 and 1999.

The importance of plasma Factor V and its mutants has been known since their
discovery in 1993 by Dahlbaeck. Platelet Factor V, however, has remained largely
undefined until taken on by Dr. Alberio and his co-workers. They have examined
the smallest blood cells, the dust particles of the blood, in their most innermost
details, searching for the tiniest trace of Factor V.

If the platelet is happy and satisfied, then FV is found in the alpha granule
(Fig. 1) somewhere in the center of the platelet. If however it has been annoyed, or
stimulated by thrombin, collagen or convulsin, Factor V slips to the surface (Fig. 2)
and becomes ready to attack (Fig. 3).
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Fig.3
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Fig.4

The research carried out by the successful team shows how important the alpha
granules are for the formation of prothrombinase. This has revealed a cellular pro-
coagulatory principle, which was previously unknown. The authors thereby add
weight to the importance of cellular hemostasis, which seems to have been some-
what neglected lately.

Young platelets are particularly stimulated by thrombin and collagen to form
prothrombinase and thereby to be hemostatically active.

Figure 4 is an original from the publication of Alberio and shows how simply the
Swiss can present good scientific evidence. Its summit is the goal for many, as is here
for example the Matterhorn (Fig. 5) for the intracellular factor V in peaceful plate-
lets. The similarity is amazing.

With the award of the prize, we are honoring and rewarding scientific value,
originality, newness of concept, thorough methodology and the likely clinical
relevance of the discovery of focal thrombin production.

The J. L. Schoenlein Prize is to be awarded on November 11, 2000 for the 14th
time.
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Fig.5

In the name of the curatorium, I would like to congratulate the prize winner and his
colleagues and wish them much further success in research on platelet factor V.
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HIV Infection and Causes of Death in Patients with
Hemophilia in Germany (Year 1999/2000 Survey)

W. ScHRAMM, H. KREBS, on behalf of the GTH Hemophilia Committee

Basic Facts on the Surveys

Already in the late 1970s Professor Landbeck began to survey annually hemophi-
liacs living at that time in West Germany for causes of death and the prevalence of
diseases. The early questionnaires used in the survey focused on basic data and
were later expanded by additional information particularly about HIV infection
and AIDS-related death. Since 1998 more specific data on hepatitis and antiretro-
viral therapies have been included. Future surveys will be strengthened by data
derived from the German Hemophilia Registry that is currently being established
on behalf of the GTH Hemophilia Commission.

Participating Centers

Since the first survey the number of participating centers has increased every year,
with a particularly huge rise in 1991 when the hemophilia treatment centers of
the former East Germany joined in. Today these centers contribute a significant
portion of the overall data (Fig. 1). Although this year the number of reporting
hemophilia centers decreased from 93 centers last year to 87 centers this year
(Table 1). The total number of patients (including patients with von Willebrand
disease) reported from all centers has slightly increased from 7365 to 7548 patients
or 2.5% (Table 4).

At this point we would like to thank all colleagues who have contributed data to
this survey.

Table 1. Numbers of participating hemophilia centers

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

East 47 62 79
West 18 18 24
Total 65 80 103 111 119 119 71 75 93 87

1. Scharrer/W. Schramm (Ed.)
315t Hemophilia Symposium Hamburg 2000
© Springer-Verlag Berlin Heidelberg 2002
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Fig. 1. Distribution
of reporting hemophilia
centers in Germany

Patients

In 2000, a total number of 7548 patients (including possible double registrations)
have been reported from the participating centers. The distribution of patients with
hemophilia A (49,47%), B (8,78%) and patients with von Willebrand disease
(41,75%) is given in Fig. 2.

Fig. 2. Overall distribution of diseases
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Fig. 3. Distribution of factor VIII/IX activity in patients with hemophilia A and B

When severity of disease is analyzed with a cut-off of 2% factor activity, the distri-
bution between the two subgroups, i.e. below 2% and above 2%, is almost equal in
patients with hemophilia A and B as shown in Fig. 3.

In 4,28% of the patients with hemophilia A and in 2,12% of the patients with
hemophilia B an inhibitor was found (see Fig. 4 and Table 2). Nineteen percent of
patients with von Willebrand disease showed ristocetin co-factor levels below 30%
as demonstrated in Fig. 5 and Table 2.

Table 2. Cumulative data from 87 centers as of 1999/2000

Hemophilia A Hemophilia B Von Total
Willebrand disease
N % N % N % N
Total 3734  49,47% 663 8,78% 3151 41,75% 7548
Factor activity < 2% 2020 54,39% 347  52,34% - - 2367
Factor activity >2% 1694 45,61% 316 47,57% - - 1965
Ristocetin Cofactor - - - - 633 18,99% 633
<30%
Ristocetin Cofactor - - - - 3093 83,01% 3093
>30%
Inhibitor 59 1,58% 7 1,06% - - 66
(low responders)
Inhibitor 100 2,68% 7 1,06% - - 107
(high responders)
Total HIV negative 3163 84,10% 579 87,33% 3124 99,14% 6866
Total HIV positive 598 18,90% 84 12,67% 9 0,86% 691
HIV positive,no AIDS 228  38,12% 51 60,71% 7 88,78% 286
HIV positive, 152 25,42% 12 14,29% 1 1,11% 165
CD4<200 cells/pl
HIV positive, 34 5,69% 5 5,95% 1 11,11% 40
full-blown AIDS
HIV positive, 184 30,77% 16 19,05% - - 200

no comment
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Fig. 4. Distribution of inhibitors in patients with (2) hemophilia A and (b) hemophilia B

Fig. 5. Distribution of Ristocetin co-
factor in patients with von Willebrand
disease

HIV Status

Of all reported patients a total of 691 were infected with HIV, equivalent to 9,1%.
Analyzed for HIV distribution in subgroups 16% of all patients with hemophilia A,
12,7% of all patients with hemophilia B, and 0,4% of all patients with von
Willebrand disease were HIV-infected (see Fig. 6). A total of 40 patients (5,8%) has
reached the stage of full-blown AIDS, compared to 286 patients (41,4%) that have
up to now not shown severe symptoms of the immune disease (Table 3).

Table 3. HIV status

HIV status HemophiliaA  Hemophilia B von Willebrand disease
HIV positive, no AIDS 228 51 7
HIV positive, CD4+ <200 cells/ul 152 12 1
HIV positive, full-blown AIDS 34 5 1
HIV positive, no comment 184 16 0

Total HIV positive 598 84 9




HIV Infection and Causes of Death in Patients with Hemophilia in Germany 11

Fig. 6. Distribution of HIV-infected patients

Causes of Death

In the 99/00 period a total of 20 patients were reported dead with the distribution
of causes of death given in Table 4. Since the beginning of the survey in 1982 a total
of 654 patients have been reported dead. As compared to the peak of 60 deaths in
the 94/95 period a decrease of 66,7% occurred in the 99/00 period. The development
of mortality and causes of death since 82/83 are depicted in Fig. 7.

Up to 1995 the number of AIDS-related deaths increased continuously with
decline taking place since. Fortunately AIDS-related deaths again receded this year.
The main reason for this development can probably be attributed to improved anti-
retroviral therapies.

Table 4. Distribution of death causes

Patients N % of dead patients % of all patients
Living 7528 - 99,7

Died of AIDS 5 25 0,07

Died of other liver disease 3 15 0,04

Died of bleeding 1 5 0,01

Died of cancer 3 15 0,04

Died of other diseases 2 10 0,03

Died, no comment 6 30 0,08

Total number of dead patients 20 100 0,26

Total 7548 - 100
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Fig. 7. Causes of death since the beginning of the survey

When analyzing the cumulative data (Fig. 8) it is striking that liver disease has
become the second most important cause of death after the still dominating HIV
infections. The reason for this may be the increasing number of liver cirrhosis due
to hepatitis C. The future development of a possible correlation should be observed
carefully.

No indications for Creutzfeld-Jakob disease in our patient collective has been
reported since 1978.

Of note, since the 95/96 period the »no comment« section has increased sharply
and actually amounts to 30% (Fig. 7).

GTH Hemophilia Registry

The German Society of Thrombosis and Hemostasis (GTH) is currently establish-
ing a central register accessible to all German centers treating patients with bleed-
ing disorders. The goal is to set up a suitable and easy to use system for acquiring
and analyzing epidemiologic data of diseases related to bleeding disorders, HIV and
hepatitis infection. The basis for the registry is the annual cause of death statistics
of patients with bleeding disorders. These statistics have been performed in
Germany since 1983. This project is supported by an unrestricted grant from Wyeth
Pharma GmbH.
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Fig. 8. Cumulative chart of deceased patients, separated for causes of death
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Hemophilia 2000 -
the Annual Survey of the Austrian Hemophilia Centers

H.K. HARTL, U. EIDHER, U. KUNZE, P. ARENDS, J. FALGER, N.D. JONES,
M. KRONAWETTER, P. KURNIK, [. PABINGER, H. RAMSCHAK, E. REITER,
R. ScHWARZ, W. STREIF, H. TOURK, H. WANK, W. ZENZ and K. ZWIAUER

Material and Methods

The annual survey of the Austrian Hemophilia Centers is organized by the Institute
of Social Medicine of the University of Vienna (ISM) and collects, analyzes and
presents the anonymous questionnaires from all collaborating Austrian Hemophilia
Centers (AHC).

The data on each patient are collected by the co-authors of this report, according
to specially designed questionnaires, very similar to the questionnaire of the
»German Survey on Causes of Death among Hemophiliacs«. For this year’s survey
the AHC received their data reports from 1999 to compare and/or to complete their
files, in order to simplify the work in the annual Austrian survey.

The analysis 2000 shows us the distribution of the patients within the Austrian
counties in respect to the place where the patients live, the number of patients
according to the severity of the disease, and the distribution according to age. The
patient overviews of the AHC were used for analyzing the type of disease and the
number of HIV-infections among Austria’s hemophilia patients.

This time we could receive questionnaires from the Treatment Centers in Graz
(Styria), Giissing (Burgenland), Innsbruck (Tyrol), Klagenfurt (Carinthia), Linz
(Upper Austria), Salzburg (Salzburg), St. Plten (Lower Austria) and Wien (Vienna).

Because of a lack of any data from Vorarlberg and concerning adult patients in
Upper Austria and Tyrol this presentation cannot show the complete epidemio-
logical situation, but it is quite a representative overview on hemophilia in Austria
in the year 2000.

Results

Overall there are 512 patients with hemophilia (PwH) registered and 488 patients’
files could be used for presentation of following criteria:

1. Hemophilia type (Table 1) and severity of the disease (Fig. 1)

2. HIV infection among PwH (Fig. 2)

3. Distribution within the Austrian counties (Table 2)

4. Distribution according to age (Tables 3, 4)

L. Scharrer/W. Schramm (Ed.)
31%t Hemophilia Symposium Hamburg 2000
© Springer-Verlag Berlin Heidelberg 2002
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Table 1. Hemophilia A and B

Hemophilia
Hemophilia A
Hemophilia B

Missing

Other bleeding disorders

Relation to male population

Hemophilia
Hemophilia A
Hemophilia B

384

331 (86.2%)
51 (11.8%)

60

42

1:10.182
1:11.813
1:73.774

Table 2. Number of patients according to counties

Total % % cumulative

Burgenland 19 3.9 3.9
Carinthia 23 4.7 8.6
Lower Austria 130 26.7 35.4
Upper Austria 31 6.4 41.8
Salzburg 11 2.3 44
Styria 109 22.4 66.5
Tyrol 13 2.7 69.1
Vorarlberg 5 1 70.2
Vienna 145 29.8 100
Total 486 100

Table 3. Number of patients according to age

Age Total % % cumulative
<10 years 70 14.4 14.6
11-20 years 93 19.1 34.1
21-30 years 88 18.1 52.5
31-40 years 85 17.5 70.3
41-50 years 53 10.9 81.4
51-60 years 35 7.2 88.7
61-70 years 30 6.2 95
>70 years 24 4.9 100
Total 478 98.4 100
Missing 8 1.6
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Table 4. Age of patients according to county

Age (years) County
B

C LA UA S St T Vorarl- Vienna Total
berg
1to 10 3 16 8 2 20 5 2 14 70
11 to 20 4 7 25 8 1 15 6 1 28 95
21to 30 3 3 23 4 2 22 2 1 28 88
31 to 40 5 7 20 2 5 21 1 24 85
41 to 50 1 2 17 4 14 15 53
51 to 60 2 1 10 7 1 14 35
61 to 70 2 11 1 4 12 30
70 to 99 2 6 1 5 10 24
Total 19 23 128 27 11 108 14 5 145 480

Fig. 1. Severity of the disease

Fig. 2. HIV infections
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Severity of the Disease

We received data from 384 PwH, 331 (86.2%) suffer from hemophilia A and 53
(13.8%) from hemophilia B; other bleeding disorders in 42 patients and missing
information on type of bleeding disorder in 60 patients.

In comparison to the Austrian population we have one PwH in 10,182 male
Austrians, respectively one person with hemophilia A in 11,813, and one with hemo-
philia B in 73,774 males.

The relation of patients with mild hemophilia to patients with the severe form
is, in hemophilia A as well as in B, similar, the relation of hemophilia A to hemo-
philia B is according to the literature.

Type Hemophilia A 331 (86.82%)
Hemophilia B 53 (13.7%)

Severity Mild 218 (44.7%)
Moderate 36 (7.4%)
Severe 201 (41.2%)
Missing 33 (6.8%)

Distribution Within Austria

The distribution of the patients over the Austrian counties gives information on the
registration as well as on participation in the survey itself.

Table 2 shows that counties such as Lower Austria, Styria and Vienna, where
most of the Austrian patients are registered, have reached a very high standard of
documentation. But it has to be mentioned that, because of missing information
from Tyrol, Upper Austria and Vorarlberg, there is a bias, for example in average age
etc.

HIV infection

We want to show the status quo in comparison with the survey of 1999 and we found
that, probably due to missing information from the above mentioned counties,
»only 52« PWH were HIV-infected in 2000, 45 with hemophilia A and 7 with hemo-
philia B.

Age
The average age is 31,8 years, median 29. The oldest patient is 99, the youngest

1 year. Seventy patients are younger than 10 years and 24 older than 71. The distri-
bution is shown in Table 3, and according to the counties in Table 4.
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Discussion

The AHC’s annual survey shows a not in all aspects complete but representative
overview on hemophilia in Austria and, because of increasing cooperation we come
closer and closer to the real epidemiological situation. Because of the use of the
German PEI-code and the, in comparison to the years before, very complete
patient-files, we could eliminate most of the double registrations.

A challenge for the next survey will be the completion of our data material
through integration of the Treatment Centers in Carinthia, Tyrol and Upper Austria
(for adult patients, children are documented very well) and Vorarlberg. But we do
not expect a big change in the results concerning type or severity of hemophilia or
average age.

Concerning HIV-infection we know from the Unterstiitzungsfonds fiir Personen,
die durch medizinische Behandlung oder Tatigkeit mit HIV infiziert worden sind,
und deren Angehorige, that there are some nine more HIV-positive PwH receiving
monthly payments than there are registered in our files.

The yearly follow ups of the annual survey of the AHC gave us a very represen-
tative and more or less complete description of hemophilia in Austria. With these
data materials as a basis, now we have the possibility of collecting and documenting
other important information, for example on home treatment, use of factor con-
centrates, frequency of treatment center visits, compliance, psycho-social and
quality of life questions etc.

Finally I want to thank all co-workers and their colleagues for their good and
successful cooperation.
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Changes in Epitope Specificity and in Distribution
of 1gG Subtypes of FVIil Antibodies during Inmune
Tolerance Therapy (ITT) in Hemophilia A Patients
with FVIII Antibodies — a Case Report

A.Kavrras, T. TALPsSEP and H. EVERAUS

Introduction

Replacement therapy of patients with inherited coagulation factor VIII deficiency
(hemophilia A) comprises administration of either plasma derived factor VIII con-
centrates or recombinant factor VIIL Up to 25% of patients may develop antibodies
against FVIII (FVIIL:Ab). Antibodies arise more often in patients with severe form
of hemophilia A caused by inversion, large deletion or stop codon in FVIII gene
rather than in patients with mild or moderate forms of the disease (point muta-
tions, small deletion in FVIII gene) [1, 2]. It is not known why only some patients
develop FVIII antibodies whereas others do not in spite of extensive replacement
therapy.

Factor VIII circulates in plasma as a heterodimer composed of the heavy chain
(domains A1-A2-B) and the light chain (domains A3-C1-C2), and forms a complex
with von Willebrand factor (vWF) via the light chain [3] (Fig. 1). Von Willebrand
factor stabilizes FVIII and can interfere with antibody binding to FVIII either by

Fig. 1. The structure of FVIII molecule. VWF binding sites and antibody binding sites are indi-
cated

1. Scharrer/W. Schramm (Ed.)
31t Hemophilia Symposium Hamburg 2000
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direct blocking of epitopes on FVIII light chain or by steric hindrance. Most inhibi-
tory antibodies to human factor VIII developed in hemophilia A patients bind to
epitopes within A2 domain, C2 domain, and A3-C1 domains [4]. Antibodies re-
acting with C2 domain of the FVIII light chain possess a lower ability to neutralize
FVIII coagulation (FVIII:C) activity, when it is in a complex with vWF (FVIII-vWF)
[5]. In a previous study we have shown that the decreased neutralization of FVIII in
the presence of vWF by FVIII antibodies was in good correlation with the level of
antibodies against FVIII light chain [6]. These in vitro findings suggest that detect-
ing the epitope specificity and the concentration of antibodies can be used for
selecting FVIII concentrate for replacement therapy and for immune tolerance
induction. Different protocols of immune tolerance therapy (ITT) like the Bonn
protocol, the Malmé method, and their modifications demonstrate the similar
efficacy in suppressing the production of antibodies to a non-detectable level [7].
While using FVIII concentrate alone for IT therapy [8, 9], the success rate may
depend upon the purity of FVIII concentrate used [10].

The effect of different FVIII concentrates on the immune system of hemophilia
A patients has been intensively studied both in vitro and in vivo. Lymphocytes res-
pond to FVIII with enhanced cytokine production in vitro [11], but in vivo the
situation is more complicated and depends also on the availability of cytokine
receptors, which determine the magnitude of immune response to FVIII concentra-
tes. First exposure to FVIII concentrate may cause production of IgM type FVIII
antibodies, while isotype switch occurs soon in order to produce IgG isotype anti-
bodies. Distribution of different IgG antibody subtypes depends on whether the
Thl or Th2 phenotype is dominant in a particular patient [12, 13].

We investigated the changes of epitope specificity and distribution of IgG sub-
types of FVIII antibodies in hemophilia A patient during ITT with FVIII-vWF con-
centrate. The IgG subtype distribution of FVIII antibodies was estimated using sen-
sitive ELISA assay and results were compared with those obtained from the samples
of hemophilia A patients with persistent FVIII antibody titer, and from the samples
taken from the patient with low titer antibodies during on-demand treatment with
EVIII concentrates of different purity.

Patients
Patient 1 Undergoing ITT

A 3-year-old severe hemophilia A patient with intron 22 inversion in FVIII gene
(type 1) had FVIII antibody titer of 26 BU/ml. Immune tolerance therapy with FVIII
concentrate, Haemoctin SDH (Biotest, Germany) was begun when he had had 23
exposure days to FVIII. Haemoctin SDH was the only available FVIII concentrate at
that time in Estonia. The specific activity of Haemoctin SDH was 100 IU of FVIII
per mg of protein. The immune tolerance therapy comprised continuous infusion
(CIL, 40 IU/kg/h for 8 days + 8 days via vascular line), followed by bolus injections
100 IU/kg/day for 1 month and thereafter treatment was continued with the dose
100 IU/kg twice a week for 10 months (Fig. 2). After 2 months of ITT, the antibody
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Bethesda units, BU/mI
20 B

O U/kg bw/day
m Continuous infusion A
0 1U/kg bw/twice a week

Administered FVIII, lU/kg
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Fig. 2a-e. Immune tolerance therapy in patient 1 with high titer FVIII antibodies. a The course
of the treatment with FVIII concentrate Haemoctin SDH (Biotest); b Changes in FVIII anti-
body titer measured by Bethesda assay; ¢ Relative distribution of FVIII light chain (rLCh) and
FVIII heavy chain (rHCh) antibodies measured by an ELISA assay (ELISA) and by a chromo-
genic method; d IgG subtype distribution of FVIII antibodies; e IgG subtype distribution of
FVIII light chain antibodies
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titer had reduced from 17.5 BU/ml to 0.7 BU/ml. During the course of the treatment
with a dose of 100 1U/kg twice a week, problems in venous access appeared, which
were accompanied by an increase in antibody titer to 1.2 BU/ml. Therefore, the
second continuous infusion for 8 days with a dose of 150 IU/kg/h was given. In
response to this treatment, the antibody titer peaked to 3.5 BU/ml, and then
dropped to 0.8 BU/ml after 9 months of IT therapy. The last three samples contained
only antibodies with non-inhibitory activity (Bethesda titer 0.8 BU/ml). In vivo
recovery normalized and the patient started prophylactic treatment (dose of
100 IU/kg twice a week). During ITT the patient had no bleeding episodes.

Patient 2 Treated with FVIII Concentrates with Different Purity
(On-demand Treatment)

A severe hemophilia A patient with intron 22 inversion in FVIII gene (type 2) deve-
loped FVIII antibodies (1.1 BU/ml) at the age of 6 years. Patient’s HLA genotype
was DR4 (DRB1*04), DR8 (DRB1*08), DQ4 (DQB1*04), and DQ7 (DQB1*0301) as
detected by PCR method. He has had 8 exposure days to FVIII concentrates
Hemofil-M (Baxter, USA), 8 exposure days to cryoprecipitate and 4 to plasma. The
amount of FVIII concentrates used and the characterization of FVIII antibodies in
plasma samples taken at different time points are shown in Fig. 3. Treatment of the
patient with FVIII concentrates Koate-HP (Bayer, USA) and Kryobulin Tim 3
(Baxter), both of which contain vWF, caused a decrease in FVIII antibodies from 1.0
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Fig. 3. Changes in IgG subtype distribution of FVIII antibodies of hemophilia A patient 2
during on-demand therapy with FVIII concentrates with different purity. FVIII antibodies of
different IgG subtypes are shown as follows: IgG1 (), IgG2 (0), IgG3 (A), [gG4 (X), Bethesda
units (Bu/ml) ¢)



Changes in Epitope Specificity and in Distribution of IgG Subtypes 27

to 0.3 BU/ml. However, changing to FVIII concentrate, Octonativ-M (Pharmacia &
UpJohn), which was purified by monoclonal antibody, resulted in an increase in
FVIII antibodies up to 1.7 BU/ml. The respective antibodies reacted with FVIII light
chain and A2 domain. In vivo FVIII recovery was 32.4% after administration of
25 IU/kg of body weight of Octonativ-M. After 15 months of treatment with
Octonativ-M, FVIII concentrate was replaced by Haemoctin SDH (Biotest). In
September 1998, in vivo recovery was 64.8% (the dosage 25 IU/kg of body weight).
Antibody titer had slightly decreased (0.8 BU/ml), and antibodies had reactivity
against the light chain and A2 domain of FVIII. Haemoctin SDH was used for on-
demand treatment for the next 11 months. The titer of antibodies had decreased to
0.7 BU/ml and antibody reactivity against the light chain and the A2 domain per-
sisted. In vivo recovery with Haemoctin-SDH was 80.5%. Thereafter treatment was
switched to FVIII concentrate Octonativ-M for 3 months, followed by treatment
with Haemate (Aventis Behring, USA) for 5 months, and then monoclonal antibody
purified FVIII concentrate Aafact (CLB, the Netherlands).

Hemophilia A Patients with Persistent FVIII Antibodies

Plasma samples from 12 hemophilia A patients having FVIII antibodies were stu-
died. The study protocol was approved by the Ethics Committee of the University of
Tartu, Estonia. Anti-FVIII antibodies had developed in all the patients in response
to the on-demand treatment with plasma-derived FVIII concentrates. Plasma
samples were drawn in a clinical stable situation before any immune tolerance
induction. Plasma samples contained 1 to 300 BU/ml of FVIII antibodies. All in-
vestigated FVIII antibodies reacted with A2 domain and the light chain of FVIII as
detected by Western blotting using plasma derived FVIII concentrate Haemoctin
SDH (Biotest, Germany). Moreover, all plasma samples contained antibodies inter-
fering FVIII interactions with vWF and also interaction with phosphatidylserine
measured by ELISA assays, as described by Shima and coworkers [14]. FVIII anti-
bodies competed with murine monoclonal antibody ESH4 (American Diagnostica,
USA) for phospholipid binding site at light chain C-terminus of FVIII as detected
by an ELISA.

Materials

Recombinant FVIII (rFVIII, Recombinate, Baxter) was used throughout the study.
Recombinant FVIII fragments (recombinant heavy chain, rHCh, and light chain,
rLCh) were kindly provided by Dr. Mirella Ezban. Bovine serum albumin (BSA) and
PNPP (p-nitrophenylphosphate) were purchased from Sigma. Other chemicals were
of analytical grade. Majority of in vitro assays was carried through either in TBS
(0.02 M Tris buffered saline, pH 7.2) or carbonate buffer (0.05 M carbonate-bi-
carbonate buffer, pH 9.6).
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Methods

FVIII antibodies in plasma samples taken during IT therapy were measured by
Bethesda assay and by an ELISA method. Recombinant FVIII (Recombinate) was
used as a coating agent for microplates.

Neutralization of FVIIL:C Activity in the Presence and Absence of vWF

Plasma-derived FVIII-vWF concentrate (Haemoctin SDH) and recombinant FVIII
(Recombinate) were diluted to 1 IU/ml of FVIIL:C with TBS buffer containing 1%
BSA and incubated with an equal volume of serially diluted (1:2 to 1:1000 in
TBS-BSA) FVIII antibody plasma sample for 1 h at 37°C. Residual FVIIL:C was
determined by chromogenic method according to manufacturer’s instructions
(Coatest, Chromogenix AB, Italy) on a 96-well microplate. Percentage neutralization
was calculated relative to a control. The control had the test plasma sample replaced
by buffer or plasma from CRM negative hemophilia A patient without FVIII anti-
bodies. The test plasma sample dilution giving 50% of neutralization of FVIII:C
activity was found using both concentrates. The results were used to calculate a
ratio of 50% neutralization of FVIII:C with rFVIII to that with FVIII-vWE.

Distribution of FVIII Light Chain and Heavy Chain Neutralizing Antibodies
Measured by an ELISA Assay

Microplates (PolySorp, Nunc, Denmark) were coated with rFVIII (Recombinate) dilu-
ted to 8 IU/ml in carbonate buffer and incubated overnight at 2-8°C. The sites of non-
specific binding in the wells of the microplate were blocked with TBS containing 3%
BSA for 1 h at room temperature and BSA was washed off with TBS-T (washing buf-
fer, TBS with 0.1% Tween 20). Plasma samples with FVIII antibodies were diluted to
4 BU/ml, except test plasma samples with FVIII antibody titer < 4 BU/ml, which were
used undiluted. To neutralize FVIII antibodies, plasma samples were incubated with
an equal volume of recombinant FVIII fragments diluted from 0.2 to 12.6 IU/ml
according to labelled activity, for 1 h at 37°C. After incubation, aliquots of incubation
mixture were transferred to antigen in the wells of the microplate and incubated for
2 h at 37°C. Bound FVIII antibodies were detected using rabbit anti-human IgG con-
jugated with alkaline phosphatase (AP) diluted 1:1000 (Dako, Denmark) and visuali-
zed with AP-substrate pNPP (p-nitrophenyl phosphate) and the color change was read
at 405 nm. Two controls were included with each test: one mixture that had the anti-
body plasma sample replaced by buffer (minimal binding), and the second mixture
that used buffer instead of recombinant FVIII fragments (maximum binding). The
percentage neutralization was calculated as follows: 100 - ([binding with fragment -
minimum binding)/[maximum binding - minimum binding]) x 100. The plateau was
defined as the minimal concentration of FVIII fragment, which yielded the maximal
(plateau) optical density (OD). When FVIII antibodies were partially neutralized by
recombinant fragments, all values within the plateau region were averaged.
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Distribution Antibodies Neutralized by FVIII Light Chain
and Heavy Chain Measured by Chromogenic Method

The plasma samples were diluted to neutralization activity of 4 BU/ml, except
plasma samples, which contained < 4 BU/ml of FVIII antibodies and were used undi-
luted, and incubated with an equal volume of serially diluted recombinant FVIII
fragments as described in the previous assay. An aliquot was removed for measuring
FVIII antibodies by an ELISA assay. To the remaining mixture an equal volume of
rFVIII (Recombinate) diluted to 2 IU/ml was added and incubated for 1 h at 37 °C.
Residual FVIII coagulation activity (FVIII:C) was measured by the chromogenic
method. Percentage of neutralization was calculated using the above-mentioned for-
mula but binding capacity was substituted with FVIIIL:C activity. Maximum FVIIL:C
activity was measured from the mixture of recombinant fragments and rFVIII with-
out an antibody sample, incubated in the same conditions. If the tested plasma con-
tained an FVIII antibody level <10 BU/ml, the plasma sample from the hemophilia
A patient (CRM-negative and without FVIII antibodies) was used in the mixture to
obtain the maximum FVIILC activity. Minimum FVIII:C activity was found for each
test sample incubated with rFVIII without any competitive FVIII fragments. The
plateau value was similarly measured as in the previous assay.

ELISA Assay for Measuring FVIII Antibody IgG1-4 Subtypes

Immunoplates (PolySorp) were coated with 8 IU/ml recombinant FVIII (Recom-
binate) in carbonate buffer and incubated overnight at 2-8 C. After washing with
washing buffer, the wells were blocked with TBS containing 5% BSA and incubated for
1 h at room temperature (RT). Plasma samples were diluted from 1:10 to 1:5000 in
TBS, transferred to the wells and incubated for 2 h at 37 °C. Bound FVIII antibodies
were detected after washing with sheep monoclonal anti-human IgGl, IgG2, IgG3 or
IgG4 antibody (CLB, The Netherlands) diluted 1:1000 in TBS by incubating for 1 h at
37 °C followed by rabbit anti-sheep IgG-biotin conjugate (diluted 1:1000), incubating
for 1 h at RT. Streptavidin - AP conjugate was added to the wells at dilution (1:1000)
and incubated for 30 min at RT. Between all incubation steps the wells were thorough-
ly washed with TBS-T. The reaction was visualized using pNPP solution (maximum
absorbency was achieved in 30 min) and stopped with 1 M NaOH. Buffer and FVIII
antibody free plasma from severe hemophilia A patients were used instead of investi-
gated plasma sample as controls. Cut-off value was defined as a mean value of optical
densities measured for controls plus 3 standard deviations. The ELISA titer was
defined as the maximal dilution of sample yielding OD exceeding the cut-off value.

ELISA Assay for Estimation of FVIII Light Chain Antibody IgG Subtype
Distribution

Immunoplates (PolySorp) were coated with recombinant FVIII light chain diluted
1:1000 in TBS and incubated overnight at 2-8 °C. Afterwards the assay was con-
tinued as described in the section above.
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Immunoblotting Analysis

Human FVIII (Haemoctin SDH) or recombinant FVIII fragments were cleaved by
thrombin (0.01 IU thrombin per 1 IU of FVIII) for 30 min at 37°C and fragments
were separated by SDS-PAGE under reduced and unreduced conditions using
10-15% gradient gel.

Inhibition of FVIII Binding to Phospholipids Measured by an ELISA Assay

One hundred microliters of methanol dissolved L-(-phosphatidyl)-1-serine (Sigma)
at a concentration of 5 jig/ml was added to each well of polystyrene microplates
(PolySorp) and air-dried at room temperature (RT). The wells were blocked by
adding TBS containing 5% BSA and incubated for 1 h at RT. After washing with
washing buffer, a mixture containing an equal volume of rFVIII (Recombinate)
diluted to 2 IU/ml in TBS-BSA (1% of BSA in TBS buffer) and a serially diluted (1:2
to 1:1000) test plasma sample was added to the wells of the microplate and incu-
bated for 2 h at RT with continuous agitation. Bound FVIII was detected by adding
mouse anti-human monoclonal antibody ESH5 (against FVIII heavy-chain,
American Diagnostica, USA) diluted 1:500 in TBS. After washing goat anti-mouse
IgG conjugated with AP (1:1000, Amersham Pharmacia Biotech) was added and
incubated at RT for 1 h. The reaction was visualized by adding AP substrate pNPP.
The control included in each test contained a mixture in which test plasma sample
dilution was substituted with buffer.

Inhibition of FVIII Binding to von Willebrand Factor Measured by an ELISA Assay

Microplate wells (MaxiSorp, Dako) were coated with 100 pl of rabbit anti-human
vWF antibody (1:4000, Dako, Denmark) in carbonate buffer and incubated over-
night at 2-8°C. After washing, standard plasma (from a plasma pool of 22 plasmas
from healthy persons) diluted to 1:20 in TBS-BSA was added and incubated for 1 h
at RT. Factor VIII was dissociated from vWF by incubating with 0.4 M CaCl, for
30 min at RT. After washing, a mixture of a test plasma sample dilution with an
equal volume of rFVIII (Recombinate) diluted to 2 IU/ml in TBS-BSA and incubated
previously for 30 min at 37°C was added to the wells of the microplate and incu-
bated for 2 h at RT. Bound FVIII was detected as described in the previous assay.

Competitive Enzyme-Linked Immunosorbent Assay

Microplates were coated with rFVIII (Recombinate) diluted to 8 IU/ml in carbonate
buffer and incubated overnight. After washing with washing buffer, plates were
blocked with 5% BSA in TBS for 1 h at RT. Then a mixture containing an equal
volume of test plasma sample dilution (dilutions 1:10 and 1:100) with either of the
murine FVIII monoclonal antibodies ESH5 or ESH4 diluted to 25 pg/ml was added
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to the wells coated with FVIII and incubated for 2 h at RT with continuous agita-
tion. The bound murine FVIII antibody was detected by using goat anti-mouse IgG
diluted to 1:1000 (AP conjugate) and the reaction was visualized with AP substrate
pNPP. The competition was calculated relative to the control where test plasma
samples were replaced by buffer (no competition of binding to FVIII).

Statistical Analysis

Student t-test was used to compare the level of different IgG subtypes. Correlation
was calculated according to Spearman rank order correlation coefficient. P value of
0.05 was considered significant.

Results
Characterization of FVIII Antibodies on Patient Before ITT

Immunoblotting analysis showed antibody reactivity against thrombin cleaved and
non-cleaved FVIII light chain and A2 domain of FVIIL The neutralization activity
of FVIII antibodies was reduced in the presence of FVIII-vWF complex (Fig.4). The
ratio of 50% neutralization of FVIII:C with rFVIII to FVIIL:vWF complex was 4.5.
The extent to which each epitope contributed to FVIII inhibition was determined by
neutralization assay. Antibodies directed towards the heavy chain accounted for
30% of the FVIII inhibitory antibodies, while adding a recombinant FVIII light
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Fig. 4. Neutralization of FVIII:C activity by FVIII antibodies from the plasma sample of pati-
ent 1 taken before immune tolerance therapy. Test plasma dilutions were incubated with FVIII
concentrate (rFVIII, Recombinate, Baxter) and FVIII concentrate containing vVWF (FVIII-vWE,
Haemoctin SDH, Biotest). The residual FVIIL:C activity was measured by chromogenic
method. Each data point represents the mean of two individual experiments
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Fig. 5. Neutralization of FVIII antibodies from plasma sample from patient 1 taken before ITT.
Plasma sample was diluted to 4 BU/ml and incubated with increasing concentration of recom-
binant FVIII light chain (rLCh) and heavy chain (rHCh). The neutralization of antibodies was
measured by an ELISA assay (ELISA) and by a chromogenic method (FVIIL:C) as described in
Materials and Methods. Each data point represents the mean of two individual experiments

chain resulted in 78% of FVIII inhibitory antibody neutralization. In an ELISA assay
7% of antibodies were neutralized by recombinant heavy chain and 100% by recom-
binant light chain (Fig. 5). Antibodies inhibited FVIII interaction with phospho-
lipids (50% of inhibition was achieved at the dilution 1:100) and FVIII interaction
with YWF (50% of inhibition was achieved at the dilution 1:50) as measured by
ELISA assays respectively [15]. FVIII antibodies of tested plasma samples competed
with the murine monoclonal antibody ESH4 for the phospholipid binding site of
the C-terminus of the light chain of FVIII as detected by ELISA.

Changes in Epitope Specificity of FVIII Antibodies During ITT

Epitope specificity of FVIII antibodies was measured in samples taken at different
time points during IT therapy that contained an inhibitor titer of at least 2 BU/ml.
During first continuous infusion (CI) treatment the rHCh neutralizing antibodies
reached a non-detectable level measured by chromogenic method and ELISA assay
(Fig. 2). However, Western blot analysis using the same recombinant fragments
showed the presence of antibodies reacting with the light chain and heavy chain of
FVIII in all investigated plasma samples during ITT. The epitope specificity of anti-
FVIII light chain antibodies changed towards epitopes without functional activity.
Factor VIII heavy chain antibodies were detected mostly by ELISA assay (6-21%)
and the concentration of these antibodies reached an undetectable level at the end
of the treatment. Theoretically, the total amount of FVIII light chain plus FVIII
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heavy chain neutralizing antibodies should be 100%, but it was true for few plasma
samples. Samples taken at the early stage of IT therapy contained in summary more
than 100% of rHCh and rLCh neutralizing antibodies, while last plasma samples
accounted less than 100%. Recombinant LCh or HCh concentration required for the
first point of maximum neutralization was significantly different for these plasma
samples. It can be explained by the presence of antibodies with different affinities
to recombinant fragments. The lower slope of the neutralization curve of recom-
binant fragments explained this effect.

Changes in IgG Subtype Distribution During ITT

At the beginning of the ITT the patient had 29.8% of IgG4, 25.5% of 1gG1, 25% of
IgG2 and 19.6% of IgG3 subtype FVIII antibodies. Factor VIII light chain antibodies
were present as follows: 38% of 1gG4, 24% of 1gG1, 21% of IgG3 and 17% of IgG2
subtypes. Results of IgG1-4 subtype distribution are shown on Fig. 2 D, E. During
the first continuous infusion changes in FVIII antibody distribution were observed.
Thereafter the distribution of IgG subtypes of FVIII:Ab remained unchanged con-
comitant with an increased level of IgG4 subtype antibodies. FVIII antibodies
specific to FVIII light chain (FVIII-LCh:Ab) had a different IgG subtype distri-
bution. During the ITT, factor VIII light chain antibodies of subtypes IgG1, IgG4,
IgG3 were almost identically expressed and at a significantly higher level than IgG2
antibodies. At the beginning of treatment a fluctuation in FVIII-LCh:Ab subtype
distribution was found to be analogous to that of FVIII:Ab. The amount of antibo-
dies neutralized by recombinant FVIII light chain as measured by an ELISA assay
correlated only with IgG2 subtype of FVIII:LCh:Ab (P=0.02). There were two peaks
of IgG1 subtype levels. The first was observed after 1 month of treatment with the
dose 100 IU/kg per day and another one after 1 month of the second continuous
infusion. One of them was accompanied by an increase in the IgG1 subtype of FVIII
light chain antibodies and the second one was associated with the appearance of
antibodies against epitopes within the FVIII heavy chain.

FVIII Antibody Subtype Distribution in Hemophilia A Patients
with Persistent FVIII Antibodies

In order to clarify whether the IgG subtype distribution of FVIII antibodies in
hemophilia A patients with persistent FVIII antibodies differs from that detected
during ITT, we investigated plasma samples of 12 hemophilia A patients. The
characterization of patients is shown in Table 1. We used a sensitive ELISA assay for
the detection of IgG subtypes directly from the plasma or serum sample. The
estimated cut-off values of optical density for IgG1,1gG2, IgG3, and IgG4 FVIII anti-
bodies were 0.113, 0.103, 0.089, and 0.089 respectively. The results are shown in
Table 1. The most abundant were IgG4 type FVIII antibodies and the less abundant
were IgG1 antibodies (P=0.02). IgG2 and IgG3 subtype FVIII antibodies were pre-
sent in almost equal concentration, being significantly lower than IgG4 subtype
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concentration (P<0.01 and P<0.01 respectively). The amount of antibodies re-
cognizing light chain of FVIII measured by chromogenic method (Table 1) corre-
lated well with the concentration of IgG2 subtype FVIII:Ab (P<0.01) in all plasma
samples. The results of the Bethesda assay correlated fairly well with the ELISA
titers of all four IgG subtypes of FVIII:Ab.

In another ELISA test, recombinant FVIII light chain was used to coat ELISA
microplates. The relative distribution of IgG subtype FVIII light chain antibodies
(FVIII-LCh:Ab) was compared with the relative subtype distribution of antibodies
against a whole FVIII molecule. The estimated cut-off values for IgG1, IgG2, IgG3
and IgG4 were 0.222, 0.217, 0.167, and 0.166 respectively. The results of FVIII-
LCh:Ab IgG subtypes are shown in Table 1. The higher relative amount of FVIII-LCh
antibodies belonged to IgG4 subtype. The level of FVIII light chain antibodies
decreased in the order IgG4>IgG1>IgG3>IgG2 and was similar to subtype distribu-
tion of antibodies against a FVIII whole molecule. The amount of FVIII light chain
antibodies in all the investigated samples measured by the ELISA assay had a good
correlation with IgG2 (P=0.01). The results of the Bethesda assay correlated with the
results of all IgG subtypes (P<0.01).

Changes in FVIII:Ab IgG Subtype Distribution During the Treatment
with Different FVIII Concentrates

One low responder hemophilia A patient (patient 2, Fig. 3) was treated with plasma
derived FVIII concentrates of different purity for a long time. The samples were
drawn at different time points and the subtype distribution of FVIII:Ab was studied.
Factor VIII-LCh:Ab was not measured because of the limited amount of plasma. At
the beginning of the treatment, IgG1 subtype FVIII antibodies were predominant;
during the treatment with Kryobulin TIM 3 the level of IgG1 decreased and was
replaced mainly by IgG4. In July 1997, FVIII concentrate was changed to monoclonal
affinity purified FVIII concentrate Octonativ-M. A significant increase in IgG4 sub-
type was accompanied by a decrease in IgG1 subtype FVIII:Ab, while the levels IgG2
and IgG3 subtype remained unchanged. In Sept 1998, treatment was continued with
FVIII-vWF concentrate and after 7 months of treatment all subtypes except IgG1
were expressed at almost equal levels. In June and July 1999, FVIII concentrate
Octonativ-M was again administered. This caused another profound increase in IgG4
subtype level. Then the patient was treated with Haemate for 5 months and thereaf-
ter with monoclonal antibody purified FVIII concentrate (Aafact) for 6 months. As a
result of this treatment the levels of FVIII antibodies of IgG1 and IgG3 subtypes
increased while the levels of subtypes IgG4 and IgG2 decreased significantly.

Discussion
We investigated the changes in epitope specificity and IgG subtype distribution of

FVIII antibodies influenced mainly by the administration of high purity FVIII con-
centrates containing vWF for immune tolerance induction. In vitro experiments
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showed lower neutralization of FVIII concentrate containing vVWF by FVIII anti-
bodies of the studied patient and predicted a beneficial outcome using the same
concentrate for immune tolerance therapy. The ITT effectively suppressed the pro-
duction of inhibitory antibodies reacting mainly with FVIII light chain to a non-
detectable level. FVIII antibodies of IgG4 subtype dominated over all other sub-
types, except IgGl subtype at two different time points, where the higher level of
IgG1 was probably caused by the increased dosage of administered FVIIL.

The patient was tolerated using FVIII-vWF concentrate. However, FVIII anti-
bodies recognizing the FVIII light chain were expressed during the whole treatment,
but the subtype distribution of FVIII light chain antibodies differed from that of
patients with persistent inhibitor antibodies (Table 1). All IgG subtypes, except IgG2
subtype of FVIII light chain antibodies were expressed at equal levels during ITT.
This could be due to the fact that the isolated FVIII light chain used in neutralization
experiments and ELISA assays possesses a higher number of accessible epitopes on
the surface than the form of heterodimer with FVIII heavy chain, as it circulates in
plasma. The fact that the ELISA titer of antibodies bound to the FVIII light chain was
higher than that bound to the whole FVIII molecule in some samples, suggests that
FVIII light chain is more immunogenic than the whole FVIII molecule. Therefore
after antigen processing there could be a higher number of small fragments of FVIII
light chain presented by antigen presenting cells to T-lymphocytes. It has been shown
that the size of epitope fragments capable of binding to the FVIII antibody is rather
large (16-66 amino acids) and does not depend on whether the epitopes are linear,
sequential or completely denaturated [16-18]. The antibody binding to denaturated
plasma-derived FVIII and isolated recombinant FVIII light chain and heavy chain
was observed in the investigated patient. The level of FVIII antibody subtypes, and
the concentration and affinity of antibodies at different time points indicated the
polyclonal antibody response to the treatment.

The results of our study are in agreement with previous reports, where on-
demand treatment of hemophilia A patients is associated with the development of
FVIII antibodies mainly of the IgG1 or IgG4 subtypes [19, 20]. The level of IgGl
subtype antibodies rises quickly after antigen administration (gene locates in
5’-end), while production of IgG2 and IgG4 subtypes probably needs more support
of cytokines, produced by Th2 cells, because the genes encoding these subtypes are
located close to 3’-end [12, 13]. FVIII antibodies with inhibitory and non-inhibitory
antibodies were of the IgG4 subtype predominantly. During immune tolerance
therapy with FVIII-vWF concentrate, the level of FVIII antibodies of IgG1 subtype
increased significantly after 1 month of treatment and this rise was accompanied
by the peaking of IgGl subtype antibodies against the FVIII light chain. After the
second continuous infusion the sudden rise in IgG1 subtype FVIII antibodies was
observed, but the distribution of FVIII light chain antibodies remained unchanged.
Surprisingly, antibodies neutralizing the FVIII heavy chain were detected in the
same plasma sample. The enhanced level of the IgGl subtype was observed as a
result of the higher dosage of FVIII concentrate and could indicate the novel clone
producing FVIII antibodies with different epitope specificity. One report [21] about
unsuccessful ITT described an increased level of anti-A2 domain antibodies among
heterogeneous antibodies in the patient and the authors suggested using the
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epitope mapping as a prediction of the outcome of ITT. We found an increase in the
FVIII heavy chain antibody level (IgG1 subtype), but continued ITT suppressed the
production of these antibodies to undetectable level. Tolerance induction basis on
the clonal selection. Therefore it is important that all FVIII antibody-producing
clones have to become tolerant to FVIII administered at sufficiently high doses for
a long time.

The effect of different FVIII concentrates used in replacement therapy on hemo-
philia A patients’ immune system has been studied extensively. Results of in vitro stu-
dies showed decreased levels of IL-2, TNF, INF-y and increased levels of IL-4, IL-10 in
each different leukocyte subset after stimulation with FVIII concentrate of inter-
mediate purity [11]. The immuno-suppressive effect of these concentrates was
explained by the presence of TGF-P [11], which inhibits the proliferation of T-cells,
maturation of cytolytic T-cells and the activation of macrophages. In vivo investi-
gations in HIV-negative hemophiliacs have shown increased numbers of CD8+ cells
and decreased numbers of CD4+ cells, indicating the immuno-stimulatory effect of
treatment caused probably by the presence of TGF-f, which produces some Th2-like
effects, like a co-stimulatory effect on CD8+ T-cells [22]. The FVIII concentrates of
intermediate purity in general are more prone to decreasing the CD4+ cell count than
immuno-affinity purified concentrates used for treatment of HIV-positive hemophilia
A patients [23-25]. HIV-negative hemophiliacs who developed FVIII antibodies have
been investigated so far only in one multicenter study [26]. This study showed no dif-
ference between FVIII-induced IFN-y and IL-10 production by lymphocytes in hemo-
philia A patients who developed FVIII antibodies and those who did not.

We studied changes in FVIII antibody subtype distribution in a low responder
hemophilia A patient treated with FVIII concentrates with different purities
(patient 2). An ELISA assay used for estimating IgG subtypes was sensitive to
detecting very low titers of FVIII antibodies. Analogously to patient 1, the higher
production of IgG4 subtype FVIII antibodies was more or less pronounced in
patient 2 at different time points. Long term treatment with FVIII-vWF concentra-
tesin patient 2 resulted in a decrease of FVIII antibody titer measured in Bethesda
units. The change to affinity purified FVIII concentrate Octonativ-M caused an
increase in inhibitory antibodies, but isotype distribution of FVIII antibodies
remained unchanged. An increase in the production of IgGl and IgG3 subtype
FVIII antibodies was observed during treatment with another immuno-affinity
purified concentrate, Aafact. Unfortunately, plasma samples were taken occasionally
and therefore it is not absolutely clear whether the observed changes in IgG subtype
distribution were caused only by the switch to another concentrate. Apart from the
purity of FVIII concentrate used for treatment, many other reasons like the dose
and interval between doses could be responsible for different antibody response.

The usage of vWF in FVIII concentrates for ITT suppressed the production of
EVIII light chain antibodies with inhibitory activity to non-detectable levels, while
antibodies with non-inhibitory activity persisted. The beneficial outcome of using
FVIII-vWF concentrates was observed also in patient 2, who had higher in vivo
recovery with FVIII-vWF concentrate than with immuno-affinity purified concen-
trates. Probably after injection of FVIII concentrate of very high purity, both vWF
and FVIII antibodies compete for binding sites on FVIIL If the antibodies possess
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higher affinity than vWE, the antibody-antigen complex is formed and the FVIII
molecule is removed from the circulation. It has been reported, that antibodies re-
acting with epitopes within the acidic region of the A3 domain (a3 region), C1 [27]
and C2 domains [28], inhibit the binding of FVIII to vWF and are able to compete
with vWF for binding site. As the intact light chain of FVIII has the maximum vWF
binding affinity [29], we used the recombinant full-length FVIII light chain in the
neutralization experiment to quantify all antibodies interfering with FVIII-vWF
interaction. The vWF in the administered FVIII concentrates covers FVIII antibody
binding sites on FVIII light chain and therefore delays the FVIII neutralization. Still
half of the FVIII molecules dissociate from the vWF every 10 min [30]. Released
BVIII is exposed to FVIII antibodies for forming FVIII-antibody complex, which is
more stable than FVIII-vWF complex.

FVIII antibody response to the treatment is associated with the characteristics of
the patient. The FVIII gene defect of the patient determines whether a non-
functional FVIII molecule is produced or production of any protein is prevented.
Hemophilia A patients with mild disease caused by point mutation in the FVIII gene
may develop antibodies with higher neutralization activity against administered
EVIII than against endogenous FVIII [31]. Investigated patients 1 and 2 had inversion
in intron 22 in FVIII gene, which is the most common gene defect among hemophilia
A patients and accompanies a higher incidence of FVIII antibody development domi-
nantly against the FVIII light chain and the A2 domain of heavy chain [1, 32].

In addition to a gene defect causing FVIII deficiency, the antibody response to
the treatment may be determined by the immune system of the particular patient.
HLA genotype of MHC II alleles was characterized only in patient 2. DR8, DQ7 and
DQ4 genotypes, as found in our patient, have been reported by Hay and Oldenburg,
who detected these genotypes in some patients with inhibitors [33, 34]. However, no
correlation between HLA allele genotypes and inhibitor incidence could be esta-
blished in either of these reports.

So far no efficient treatment option has been found to prevent the development
of FVIII antibodies and to achieve successful immune tolerance. However, some
reports are more promising in that respect, Rossi et al. have used the blocking of
CD40-CD40L interaction in mice [35]. Abolishing another important interaction,
CD28-B7, caused less development of inhibitory antibodies, but unfortunately
immune tolerance was not gained [36].

Thus it seems that multiple factors are involved in the development and produc-
tion of FVIII antibodies in hemophilia A patients. Which factor is more relevant
depends on the particular patient and further studies are needed to clarify their rela-
tive contribution to the success rate of immune tolerance therapy. Our study focused
on the presence of vWF in FVIII concentrate used for ITT and we conclude that a
beneficial outcome can be achieved using FVIII concentrate containing vWF in
hemophilia A patients with antibodies reacting mainly with the FVIII light chain.
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Clinical Experience
with the Modified Bonn-Malmo Protocol since 1996

L. HEss, C. UNKRIG, H. ZEITLER, W. NETTEKOVEN, W. EFFENBERGER,
P. HANFLAND, H. VETTER and H.-H. BRACKMANN

Acquired hemophilia due to factor VIII inhibitor is a life-threatening disease requi-
ring cost-intensive treatment. It requires a fast and effective lifesaving treatment as
well as inhibitor eradication therapy leading to a cure of this disease (2,5, 6,7, 11,
12, 13). In April 1996 we combined elements from the Malmé and Bonn protocols,
which were mainly developed for the eradication of inhibitors in patients with con-
genital hemophilia, to create a new treatment protocol for acute and/or chronic
acquired inhibitors (1, 3, 14, 15, 16). This protocol is known as the modified Bonn-
Malmé protocol (MBM protocol).

Methods

I. Long-term immunoadsorption from day 1 to day 5 (daily adsorption target:
2.5-fold plasma volume)

II. Administration of factor VIII (100 U/kg body weight; in exceptional cases up to
200 U/kg bw) every 6 h. Optional dose reduction on the basis of clinical signs
and level of recovery achieved (50-80% factor VIII residual activity after 4-6 h)
throughout the treatment cycle

III. Administration of immunoglobulins (i.v. IgG 0.3 g/kg bw/day) on day 5 and
day 6 (7)

IV. Administration of cyclophosphamide (2 mg/kg bw/day) in combination with
prednisolone (1 mg/kg bw/day) from day 1 to day 7

The treatment cycle (from day 1 to day 7) may be repeated several times depending
on coagulation data and clinical response.

Immunoadsorption was performed exclusively using columns with sepharose-
bound polyclonal sheep antibodies directed against human immunoglobulins
(Ig-Therasorb, PlasmaSelect AG, Teterow Deutschland, Germany).

Patients
Treatment according to the MBM protocol was performed in 20 patients with high

antibody titers. In most cases antibodies were directed against factor VIII and in
one case against factor V. The mean patient age was 65 (median 69, maximum 89,
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Table 1. Patients treated according to MBM protocol

Patient Age Maximum Indication for MBM protocol

(n=20) inhibitor
titer

W.H. 68 59 Extremities, trunk, iliopsoas muscle bleed

S.E. 68 327 Multiple bleeding into extremities

M.G. 70 128 Multiple bleeding into extremities

T.S. 30 16 Postpartum uterine bleeding, emergency hysterectomy

M.E. 53 110 Head and lower leg hematoma, fasciotomy

H.W. 66 76 (FV) Retroperitoneal bleeding, hematuria

B.H. 7273 Bleeding in face and lower extremities

M.T. 53 505 Bleeding in face, trunk, extremities, compartment syndrome

R.A. 62 33 Knee joint bleeding, soft tissue, extremities, hematuria

H.W. 34 298 Postpartum bleeding into extremities, OP: hematoma
evacuation

PK. 79 67 Retroperitoneal and intraabdominal bleeding, compartment
syndrome

H.G. 35 70 Postpartum retroperitoneal bleeding

M.G. 76 33 Intrathoracic bleeding after jugular vein puncture

S.H. 59 665 Retroperitoneal bleeding, bleeding into extremities

K.E 60 32 Bleeding into extremities, trunk, retroperitoneal region

G.E 74 22 Knee joint bleeding and extremities

M.U. 87 8400 OP: pleurodesis because of recurrent malignant pleural effusion

W.S. 89 49 Multiple bleedings into extremities

H.W. 81 15 Bleeding into extremities and trunk

H.E. 76 135 Urogenital bleeding, intrathoracic bleeding after jugular vein
puncture

minimum 30). All 9 men and 11 women showed life-threatening bleeding, speci-
fically soft tissue bleeding episodes in the extremities and trunk which led to the
development of compartment syndromes or respiratory disorders (see Table 1).
The mean inhibitor titer was 556 Bethesda units (maximum 8400, minimum 15,
median 68).

Confirmation of inhibitors and exclusion of other coagulation disorders, resp.
was done by individual factor assay, plasma exchange testing, lupus-aPTT, DVV
testing, modified Bethesda and Nijmwegen antibody assay and factor VIII assay in
a one-stage test system with naturally immunodepleted plasma (Immuno), and by
chromogenic assay (Baxter).

Therapeutic decisions during treatment depended in particular on plasma fac-
tor VIII activities in one-stage testing with natural immunodepleted plasma.

We diagnosed inhibitor-associated diseases in two patients with malignant
disease (cancer of the prostate, lung cancer), in three patients with collagen disease,
in one patient with Hashimoto’s autoimmune thyroiditis, and in three patients with
postpartum complications.
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Results

One to two apheresis sessions were sufficient to control the bleeding process in all
20 patients. Clinical cessation of bleeding was accomplished and there was no need
for blood transfusions.

Four of the 20 patients were unable to complete the MBM protocol due to secon-
dary disease. Two of these patients presented cardiopulmonary instability. A stroke
occurred in one patient with serious pre-existing occluded artery disease. One
female patient declined to continue with the ongoing treatment protocol when she
was diagnosed as having a tumour. Sixteen patients were able to complete treatment
as scheduled according to the MBM protocol.

Inhibitor was below the limit of detection in these patients (n=16) after a mean
of 5.3 days of apheresis treatment (median 5 days, maximum 12, minimum 1). The
application of coagulation factor concentrates was no longer necessary after a mean
of 16 days (median 15.5, maximum 35, minimum 8). Twelve patients required con-
tinued treatment with immunoapheresis for stabilization of factor VIII activity,
giving a mean total treatment duration of 17.5 apheresis days (median 16.5, maxi-
mum 36, minimum 10) until long-lasting inhibitor elimination was accomplished
(see Fig. 1).

The treatment course of B.H., a female patient with a high antibody titer of 73
Bethesda units, is shown in Fig. 2 as an example. The columns show the total
quantity of factor VIII administered over a 24 h period. After 12 days of treatment,
patient compliance declined due to an epileptic seizure in this patient with a known
history of epilepsy. Inmunoapheresis treatment was only performed every second
day for a period of time. Despite this setback, we achieved long-lasting antibody
elimination after 18 immunoadsorption sessions.

The mean factor VIII consumption in patients on the MBM protocol (1=16) was
560,000 I.U. (median 384,000 I.U., minimum 181,000 I.U., maximum 2 million I.U.).
We exclusively used plasma derived coagulation factor concentrates in 13 patients.

R Factor Apheresis
- STOP Lasting
Apheresis substitution ,; 5 — inhibitor
STOP [

treatment 15.7 elimination
days

Inhibitor

test
negative
5.3

Time course of therapy
Fig. 1. Therapy by MBM protocol. Average number of apheresis days (n=16)
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Fig. 2. MBM protocol - case report patient B.H., aged 72

Two patients received recombinant factor VIIL It is not possible at present to
evaluate the influence of the type of factor VIII product on treatment duration and
consumption of concentrates. One patient with factor V inhibitor received recom-
binant factor VIla exclusively.

The mean follow-up period in the 16 patients is currently 29.5 months (median
28, maximum 55, minimum 0.5 months).

Only one patient showed two times reduced factor VIII activities to 10%, and
50%, resp., during follow-up. Immediate further apheresis treatment without factor
VIII substitution was performed for a mean of 6 days. This patient’s factor VIII
levels have now been stable for more than 2 years.

Five patients transferred from other hospitals required pre-treatment with
recombinant factor VIIa in order to cover the transfer time.

These patients continued to receive factor VIla for a median of 3 apheresis treat-
ment days (mean 3.3, maximum 5).

Discussion

The MBM protocol combines features of the Malmé and Bonn protocols providing
a rapidly effective and efficient therapeutic modality for the treatment of patients
with an acquired inhibitor (7-10, 17).

Within two apheresis treatment days, patients are clinically stabilized regarding
their bleeding risk, and they no longer needed factor VIII substitution after a mean
of 16 apheresis treatments. The inhibitor elimination achieved can assumed to be
permanent, based on the long follow-up period of 29.5 months (7-10, 17).

The rapid and final inhibitor elimination accomplished was, however, associated
with a median factor VIII consumption of 384,000 U.
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Our experience suggests that continuation of apheresis treatment until achieve-
ment of supernormal factor VIII levels in a one-stage test system with natural
immunodepleted plasma is a decisive element of treatment, as the cessation of
factor substitution causes a decline in factor VIII plasma activities that threatens
the outcome of treatment and patient’s response.

Furthermore, we consider it empirically proven that the factor VIII quantities
administered in the initial phase have an upfront hemostatic and immunological
effect. This is reflected in rapid cessation of bleeding and in the negative inhibitor
tests after 5 days of treatment.

Optimum cost effectiveness is achieved in our experience by rapid diagnosis
and immediate initiation of treatment on the basis of the MBM protocol (7).

In view of the high efficacy of the treatment protocol, our primary goal is now
to have these results confirmed in other centres. Validation of the individual
elements of therapy (apheresis, factor VIII substitution, application of IVIG and
immunosuppressive drugs) in terms of their therapeutic effect should be under-
taken in a second step given the low incidence of acquired inhibitor disease
(0.2-1.0x10-%) (4, 5).
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Course of Inhibitors in mild Hemophilia A
with and without Immune Tolerance Treatment

H. LeNK and E KERTZSCHER

Introduction

Mild hemophilia is complicating daily life much less than the severe kind of the
disease. The appearance of an inhibitor for such patients therefore is even more
intricate than in severe hemophilia because up to this time bleeding problems were
very rare.

The patients mostly are already of school age or even adults. The joints are in
good shape, because until then joint bleedings were not at all common for them.
With the development of an inhibitor the mild hemophilia turns into the severe
form. The circumstances of life are changing very radically and muscular as well as
joint bleedings may induce chronic joint impairments if the inhibitor persists for a
long time.

Frequency of Inhibitors in mild Hemophilia A

In severe hemophilia A 20-50% of the patients develop antibodies to FVIII (3,4). In

mild hemophilia this complication is believed to be very rare. Causes for this discre-

pancy may be different and influenced by more than one fact:

e Diagnosis in most cases is achieved later than in the severe form

e Most children with mild hemophilia very rarely need substitutions of FVIII

e Very often - at least during childhood - they do not reach 20 or even 100 substi-
tution days - critical numbers for inhibitor development in severe hemophilia A

e Most cases of mild hemophilia A are caused by missense mutations and in these
mutations inhibitors have an incidence of 5% or less at a rough estimate (1,4)

Nevertheless there is an increasing number of reports about inhibitors in mild and
moderate hemophilia A (5,6,7). A third of new inhibitors reported in a survey in the
United Kingdom were detected in those patients (2).
Causes for the increase may be:
A higher frequency of substitutions
A higher dosage of FVIII
Characteristics of new FVIII preparations
New kinds of application, especially continuous infusion
Frequent changes of the product
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With the appearance of an inhibitor the FVIII of the patients is reduced mostly to
values below 1%. Now bleedings become much more frequent than before and the
bleeds are difficult to treat. The question to be answered is, what are the long term
treatment options for these patients?

Case Presentation
Case1

The FVIII level of a boy from a family with known mild hemophilia was 14%. In this
family a missense mutation in exon 25 of the factor VIII gene was found to be the
cause of hemophilia. After birth, suffering from melena, he was treated once with
FVIII concentrate (Haemate). Until the age of 8 years, when he had to undergo
adenotomia, he had no further substitution therapy. Then Haemate was infused
continuously and as a bolus as well. Four weeks later, the patient presented with a
soft tissue bleeding. Substitution had no measurable effect. Using the Bethesda
method, an inhibitor of 19,5 BU was detected (Fig. 1). After rFVIIa (NovoSeven)
protected implantation of a central venous line (Broviac catheter) ITT was started
with 150 U FVIII (Haemate) twice daily. Hemolysis was the reason for changing
therapy to a hemolysin-free concentrate (Beriate) but this was answered by an
increase in the inhibitor. Therefore we returned to Haemate. The inhibitor ran low
and was not detectable after a period of 8 months (Fig. 2). Now the therapy was
reduced stepwise. Infections of the Broviac catheter after 1 year of treatment caused
a change to a port system and later on also to the removal of the port. At present
EVIII recovery is 1.4-1.9% FVIII/U FVIII and kg body weight and level of FVIII 96 h
after last substitution is 5-10%.

Case 2

The 19-year-old patient with mild hemophilia A had a level of FVIII of about 10%
(5-18%), caused by a missense mutation of the FVIII gene in exon 15. He had FVIII
on eight occasions in childhood with altogether 54 exposition days. In 1999, after a
period of more than 8 years without any FVIII therapy, he had a large soft tissue
bleeding after trauma and was treated intensively with FVIII for another 27 days,
15 days by continuous infusjon. At the end of this period no inhibitor was detec-
table. Four weeks later the patient had a soft tissue bleeding again, but without
adequate trauma. An antibody of 7 BU was diagnosed (Fig. 3) and the hematoma
disappeared only after treatment with Feiba.

In the next 3 months the inhibitor diminished continuously to 0.7 BU. After
6 months a spontaneous FVIII value of 8% was measured and the bleeding tendency
was very low again.
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Discussion

The two cases presented here show similarities and differences:

o The antibodies both developed after intensive substitution therapy with FVIII

e FVIII was applied partially as a continuous infusion

e The inhibitors acted against the infused factor and their own FVIII as well

o Inthe first patient the inhibitor was present already after the 8th substitution day
but in the second one only after nine substitution periods with 81 substitution
days during 19 years

The first patient was treated successfully by ITT in the same way as in severe hemo-
philia. Hay et al. reported about 26 patients with inhibitors in non-severe hemophi-
lia, where ITT was done in eight patients, but only in two of them successfully (2).

In patients with successful ITT it remains questionable if a new intensive treat-
ment period again would induce inhibitors, especially if FVIII infusions had been
stopped a long time before.

In the second patient the inhibitor increased not higher than 7 BU and it dis-
appeared spontaneously. Afterwards the patient’s own FVIII again was detectable.

In the case of new bleedings DDAVP should be considered as an option, but it is
necessary to check the effect of DDAVP on FVIII beforehand. If no increase of FVIII
is registered, a mild inhibitor still may be present. In these cases a new challenge
with FVIII concentrates also can induce the antibody again and Feiba or NovoSeven
should be used as an alternative.
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Management of Bleeding in Surgery and Intensive Care

A.CALATZIS, W. SCHRAMM and M. SPANNAGL

Coagulopathies during the perioperative period and intensive care are caused by
different mechanisms (Table 1, Fig. 1) related to patient characteristics, medication
and operative procedure. As a consequence, defects in plasmatic as well as in cellu-
lar components of the coagulation system can result in severe bleeding compli-
cations. Due to the diverse nature of hemostasis disorders and the variety of thera-
peutic options, a targeted therapeutic management of coagulation is desirable in
order to prevent or effectively treat bleeding episodes (1).

Table 1. Causes of coagulopathies in the perioperative field

Preexisting causes of coagulopathies

Inherited Acquired

von Willebrand-Juergens Disease Liver/renal dysfunction

Thrombasthenias and other thrombopathies Hematological diseases

Inherited coagulation factor disorders Drugs (anticoagulants, antiplatelet agents,
other)

Acute coagulopathies

Loss of coagulation factors/platelets due to (surgical) blood loss/hemodilution
Consumption of coagulation factors/platelets due to the intervention/coagulation activation
on foreign surfaces/DIC

Low temperature

Colloidal solutions

Anticoagulant therapy (e.g. heparin)

bleeding?

consider consider
preexisting acute

Fig. 1. Preexisting/acute disorders in the causes disorders

perioperative field: preexisting causes of —_— —

bleeding often initiate bleeding early ,

during the intervention. Bleeding mp— _
occurring later during the intervention surgical icU time'
is often caused by secondary changes procedure

(loss/consumption of coagulation

factors and platelets) or by a combina- inherited disorders global intra- und postoperative
tion of predisposing factors and acute drugs / liver dysfunction coagulopathies
coagulopathies

1. Scharrer/W. Schramm (Ed.)
31%t Hemophilia Symposium Hamburg 2000
© Springer-Verlag Berlin Heidelberg 2002
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Preexisting Causes for Coagulopathies

A very important tool for the diagnosis of preexisting causes of coagulopathies is
the anamnestic examination (Table 2). Patients with coagulation factor deficiencies
(e.g. hemophilia A) usually have a history of bleeding and should be treated in spe-
cialized centers. Impaired bone marrow function (resulting in thrombocytopenia,
platelet dysfunction and/or anemia) and/or liver and renal dysfunction are risk fac-
tors for intraoperative bleeding and should be assessed by the determination of a
cell count, liver enzymes and retention parameters.

Table 2. Anamnestic examination of preexisting causes of coagulopathies

History of invasive procedures/trauma associated with bleeding complications? (surgery?
tooth extractions? accidents?)

History of invasive procedures/trauma not associated with bleeding complications?
Epistaxis?

Women: prolonged menses?

Bleeding/hematomas following minor trauma?

Family history of bleeding complications?

Intake of non-steroidal anti-inflammatory drugs? (ask for aspirin, it is often not considered
as a drug by the patient)

Intake of anticoagulants, antiplatelet drugs? (»any drugs for the heart?«, patient might not
know the mechanism)

Laboratory Screening for Preexisting Coagulation Disorders

The preoperative assessment of platelet count, prothrombin time (PT) and aPTT is
obligatory in most centers, while the predictive value of these parameters in respect
to bleeding and transfusion requirements is relatively low (2-6). One aspect is that
a prolongation of the aPTT in asymptomatic patients is often not a sign of a
hemorrhagic diathesis.

Prolonged aPTT Not Associated with Bleeding Disorders

Frequent reasons for prolonged aPTT are the so-called lupus anticoagulants or defi-
ciencies of factor XII or kallikrein.

Lupus Anticoagulants

Lupus anticoagulants are a heterogenic group of antibodies against phospholipid
structures and/or coagulation factors (mainly prothrombin) (7). In diagnostic
assays phospholipids are added to the sample (mainly in the aPTT and PT) as a sub-
stitute for platelets (as platelet poor plasma is usually applied for the test pro-
cedure). Phospholipids provide binding structures for the clotting factors, which
significantly accelerate coagulation activation. By their interaction with the phos-
pholipids lupus anticoagulants can prolong the aPTT and PT. This interference is
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highly variable depending on the reagent applied in the laboratory. Despite the pro-
longed aPTT or PT lupus anticoagulants do not cause a bleeding tendency, but in
contrast may predispose for thrombosis. In vivo lupus anticoagulants interact with
phospholipid structures on the endothelium (8-9). Endothelial damage arising
from this interaction can lead to thrombosis. Therefore, in spite of the prolonged
aPTT, patients with lupus anticoagulants must receive perioperative prophylaxis
against thrombosis (e.g. using low molecular weight heparin).

Deficiency of Factor XII/Kallikrein

Factor XII (Hageman factor) and kallikrein are part of the contact phase, i.e. of the
hemostatic pathway that activates clotting when blood comes into contact with arti-
ficial surfaces (dialysis membranes, cardiopulmonary bypass circuit). However, the
contact phase is not part of the normal mechanism of hemostasis in the body (10).
This can be seen by the lack of bleeding tendency in patients with deficiencies of
kallikrein or factor XII. Such patients have a prolonged or even not measurable
aPTT but do not have any bleeding tendency and should also receive the usual
perioperative thrombosis prophylaxis.

Von Willebrand Disease (VWD)

The most frequent inherited coagulation factor deficiency is the von Willebrand
disease (VWD), i.e. a qualitative or quantitative disorder of von Willebrand factor
(VWF) (11). VWF is the protein that allows the platelet to attach to the vascular
injury under high shear stress (by connecting the platelet’s GpIb receptor with sub-
endothelial collagen structures, Fig. 2). VWD is frequently associated with epistaxis
and bleeding after tooth extraction or other invasive procedures. VWD may be
treated using desmopressin acetate (DDAVP, Minirin, Ferring), which leads to the
release of endogenous VWE The release of vVWF by DDAVP depends on whether
there are sufficient endogenous pools. This should be evaluated preoperatively by
the i.v. application of DDAVP and the analysis of platelet aggregation or PFA-100
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analysis (»minirin test«). If the test dosage of DDAVP fails to correct the vWF defi-
ciency/malfunction then the direct application of vWF is necessary (prophy-
lactically or in case of bleeding). This is performed by the application of a factor
VIII concentrate rich in vWF (e.g. Haemate HS, Aventis, Liederbach) or by the use
of a VWF concentrate (e.g. Facteur von Willebrand, Laboratoire Frangais de
Fractionnement et des Biotechnologies).

Screening/Diagnosis of vWD or Other Primary Hemostasis Disorders
PFA-100 Analysis

The platelet function analyzer (PFA-100, Dade-Behring, Marburg, Germany) is a
dedicated instrument for the analysis of platelet function under high shear stress
conditions (12). The ability of platelets to close a small aperture in a collagen mem-
brane is assessed (Fig. 3). The parameter determined is the closure time (CT), i.e.
the time from start of the analysis until the cessation of blood flow. In addition to
the shear stress and the contact of the blood with collagen the platelets are activated
using ADP or epinephrine (two different cartridges). The PFA-100 is very sensitive
to disorders of vWF and to (using the epinephrine cartridge) ASS intake (13-15). It
is less sensitive to the effects of Clopidogrel or Ticlopidine (16). The PFA-100 is
mainly useful in the exclusion or confirmation of vWD or ASS intake before inva-
sive procedures. However it cannot be used as a general screening tool before
during or after surgical interventions (17-18). The PFA-100 requires at least 100,000
platelets/pl and a hematocrit of 35% for the analysis.

Fig. 3. Measuring method of the platelet function ana-
lyzer (PFA-100): by the action of a precision pump
citrated blood is suctioned through an aperture in a
collagen membrane (diameter 0.15 mm). In the capil-
lary the platelets are activated by high shear stress.
Platelets attach on the collagen membrane and close
the aperture, resulting in a cessation of blood flow.
Disorders of platelet activation (e.g. ASS intake) or of
the attachment of the platelet onto the collagen surface
(e.g. vWD) are detected by the prolonged closure time

Bleeding Time

In the hands of an experienced examiner the bleeding time is a valuable tool for
the examination of primary hemostasis. However variation between different
examiners is high and the value of bleeding times performed by less experienced
examiners is very low (19-22).

Intra-/Postoperative Coagulation Disorders

The most frequent reason for bleeding in the perioperative period is secondary dis-
orders due to surgical blood loss, consumption of coagulation factors/platelets and
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the effects of transfusion solutions, drugs and the contact of blood with artificial
surfaces. The predictive value of the PT, aPTT and platelet count in this period has
been shown to be low. For the monitoring of coagulopathies in this period the so-
called viscoelastic monitoring methods (thromboelastography, ROTEG, Sonoclot)
have reached wide application.

Activated Clotting Time (ACT)

The ACT is routinely used to monitor anticoagulant therapy in cardiovascular
surgery. However, it should be mentioned that ACT may serve for the control of
plasmatic coagulation only and that further shortcomings may limit its use: e.g. the
correlation of the ACT with the heparin concentration was reported to be poor (22)
and following heparin neutralization by protamine a residual heparin activity of up
to 0.7 aXa U/ml can be accompanied by a normal ACT (22). In addition, the ACT
does not provide any information on platelet status or on fibrinolysis, which are
important factors in the pathogenesis of bleeding in the perioperative period.

Viscoelastic Methods

These monitoring methods assess blood coagulation by the assessment of the
elastic properties of the blood clot. In these techniques the coagulation process of a
whole blood sample is continuously assessed from the formation of the first fibrin
fibers, the formation of the blood clot until the eventual dissolution of the blood
clot (in the case of hyperfibrinolysis). Mainly two methods are applied clinically:
thromboelastography and Sonoclot analysis.

Thromboelastography

Thromboelastography was presented as early as 1948 by Hartert (23). Since the
middle of the 1980s there has been a rising application of TEG especially during the
monitoring and treatment of complex intraoperative coagulopathies (24-28). In
TEG the firmness of the blood clot is continuously assessed (Figs. 4, 5). Thus, the
beginning of clot formation, clot formation kinetics and the maximum firmness of

Fig. 4. Measuring method of . re g?;?:{i‘ggﬁ
thrombelastographic systems: the activators ot fi ss
blood sample is placed with or ( clot firmne
without an activating reagent in a v

cup. The firmness of the blood clot
is continuously assessed by the abi-
lity of the blood clot to form a
mechanical coupling between the
surfaces of the pin and cup over a
distance of 1 mm

=

i
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—  registration of blood clot firmness during the
time entire coagulation process
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the blood clot are assessed as well as its stability or lysis (Table 3). Blood clot firm-
ness is a functional parameter which depends on the activation of coagulation, the
platelet/fibrinogen content of the sample and the polymerization/cross-linking of
the fibrin network. The polymerization process is not assessed by most monitoring
methods (e.g. of the aPTT and PT). In the aPTT and PT the analysis ends upon the
formation of the first fibrin fibers (Fig. 6).

In several studies TEG has been shown to have a better predictive value in res-
pect to intra- or postoperative bleeding than the aPTT, PT and platelet count

coagulation
Ar activation

thrombin
formation

fibrin
formation

fibrin polymerisation

rise [T  cross-linking
of optical fibrin-platelet-interaction rise of
density clot
(PT/aPTT) firmness
(TEG)

Time
Fig. 6. Comparison of the assessment of blood coagulation in the aPTT/PT and TEG analysis.
The usually applied laboratory methods for the aPTT/PT assess coagulation by the rise of opti-
cal density upon fibrin formation. Using this method the processes of fibrin polymerization,

cross-linking and fibrin-platelet interaction are not assessed. In contrast TEG assesses blood
clot firmness, which depends on the complete clot formation
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Table 3. Parameters of TEG analysis

Biological Parameter Definition Abbreviation Classical
event abbreviation
Coagulation Clotting time Time from start of
activation measurement until the CT (s) r
beginning of clot
formation
Clot formation Clot formation  Time from the beginning  CFT (s) k
dynamics time of clot formation until
an amplitude of 20 mm is
reached
Maximum clot Maximum clot MCF (mm) MA
firmness firmness
Fibrinolysis Maximum lysis  Reduction of clot firmness ML (in % of
during measurement the MCF)

(29-32). In some studies reduced transfusion requirements or a reduced reexplora-
tion rate by the TEG-assisted coagulation management were also shown (33-34).

The ROTEG analyzer (Pentapharm, Munich, Germany) is a newly developed
instrument based on TEG (35-37). The system is easily transportable, provides
automatic pipetting and computer analysis and facilitates near-patient assessment
of TEG when compared with conventional TEG equipment (Figs. 7, 8). Recently
published studies have used the ROTEG analyzer in the assessment of hemostasis
during and after cardiac and general surgery (38-40).

Fig. 7. The ROTEG Coagu-
lation Analyzer: a new
thrombelastographic ana-
lyzer suitable for use in the
OR or ICU. Four tests can be
assessed in parallel and are
shown on the computer
display
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liver transplantation | liver transplantation i

__L.! start of operation

platelet
1 transfusion

! start of operation
‘ aprotinin
; administration

anhepatic phase anhepatic phase

platelet
transfusion

. graft reperfusion
: aprotinin
' administration

graft reperfusion

end of surgery

Fig. 8. ROTEG Analysis during two consecutive liver transplantations: during the intervention
shown on the left two fibrinolytic events (at the start of operation and during graft reperfusi-
on were treated using aprotinin transfusion. During the second intervention no fibrinolysis
was detected, but abnormal clot firmness at the start of operation and during the anhepatic
phase was treated using platelet transfusion. This example shows the possibility of targeted
coagulation therapy during invasive procedures using whole blood coagulation analysis

Sonoclot Analysis

In Sonoclot analysis the coagulation process is detected by the resonance of the
blood clot. The resonance of the blood clot depends on its firmness and thus also
changes during the coagulation process (41). Like TEG, Sonoclot has shown to be
predictive for the clinical coagulation status during the perioperative period.
However, it is less frequently used in comparison with TEG.

The use of thromboelastography, ROTEG or Sonoclot analysis in a near-patient
setting is more effort than the application of less complex devices (as POC systems
like CoaguCheck® (Roche) or ACT devices) and more training of the staff is required.

Bleeding Due to Heparin/Hirudin Overdose

Anticoagulants are in a large number of hospitalized patients for the prevention or
treatment of thromboembolic events as well as for protection of catheters or extra-
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corporal circuits against clotting. However, the application of these drugs may also
lead to bleeding. Unfractionated heparin may be neutralized by the application of
protamine. The antagonization of low molecular weight heparin (LMWH) using
protamine is less effective, while no specific antidote is available for hirudin (42).

Accumulation

LMWH and hirudin are mainly excreted by the kidneys and can therefore accumu-
late in cases of renal dysfunction and the repeated application of the drug (43). The
very low sensitivity of the aPTT towards LMWH must be taken into account, i.e.
already a slightly prolonged aPTT might be accompanied by hemorrhagic LMWH
levels. The determination of LMWH concentration using the anti-factor-Xa activity
(chromogenic substrate analysis), the Heptest or Staclot assay provide enhanced
sensitivity and specificity. However, these tests are not available in many centers and
there is considerable variation among their results (44).

Accidental Exposition

During unexpected bleeding an accidental exposition of the patient with unfractio-
nated heparin should be considered, if the patient has any central venous catheters/
port devices. These systems are usually blocked with unfractionated heparin and an
accidental exposition of the patient to a high anticoagulant dosage can arise. This
can be detected by the prolonged aPTT, ACT or clotting time in the TEG or Sonoclot.

Fibrinolytic Events

Fulminant bleeding in cardiovascular surgery, multiple trauma patients and
massive transfusion may be caused by acute hyperfibrinolytic events. Hyper-
fibrinolysis can only be specifically diagnosed using thromboelastography or
Sonoclot. Elevated D-Dimer concentrations are only an indirect sign of fibrinolysis
and have a very low specificity in respect to hyperfibrinolysis, as the majority of
surgical patients have elevated D-Dimer levels due to the intervention.
Hyperfibrinolysis can be treated using aprotinin (Trasylol, Bayer) or tranexamic
acid (Cyclocapron/Ugurol).

Summary

Acute coagulopathies can rely on different aspects of hemostasis and on preexisting
or acute disorders. The most important screening tool before invasive procedures is
the anamnestic examination of previous bleeding episodes. Assessment of the
defects of primary hemostasis can be performed by the bleeding time, PFA-100 or
more specialized laboratory methods. Acute coagulopathies can be monitored with
TEG or Sonoclot analysis which detect disorders of the plasmatic factors, platelets
and the fibrinolytic system.
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in Patients from Hemophilia Center Timisoara
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Introduction

Almost two-thirds of the hemophilia patients all over the world are still either
treated with »classic«, non-inactivated products (plasma, cryoprecipitate) or are not
treated at all. Posttransfusional infections represent one of the major threats to the
patients treated with non-inactivated blood products. There are multiple long-term
consequences of an inappropriate replacement therapy in hemophiliacs: high
frequency of physical disabilities, posttransfusional infections, psychological
burden, difficulties in social and professional integration.

As it is already known, an optimal screening, together with anti-HBV vaccinati-
on, can substantially reduce the risk of posttransfusional viral infections. Hepatitis
virus infections (HBV, HDV, HCV, HGV) can progress to chronic hepatitis, cirrhosis
and hepatocellular carcinoma. HIV infection leaves only the chance of fighting for
survival prolongation, before death. The costs incurred in the management of
blood-borne infections exceed those of a safe replacement therapy, represented by
inactivated factor concentrates. Sustained measures have to be taken for the assu-
rance of a safe replacement therapy, whenever this is really possible.

Objectives

The objectives of the present study were:

e Determination of the frequency and profile of viral posttransfusional infections
in patients from the Hemophilia Center Timisoara, in a ten-year period
(1990-1999), depending on age, severity, number of therapeutic exposures,
modality of treatment

e Evaluation of the donor screening and anti-HBV vaccination impact, by analy-
zing viral serological markers in different periods of the study interval and in dif-
ferent age-groups of patients

Material and Methods

Our cohort includes 207 non-selected, consecutive hemophilia patients from the
Hemophilia Center Timisoara, aged 1-25 years, most of them with severe disease
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Fig. 1. Hemophilia patients and severity of the form of the disease

(Fig. 1), followed up for a ten-year period, between 1990 and1999. More than two-
thirds of the patients (71.50%) were born and about half (57.49%) were diagnosed
before 1990 (Fig. 2). Three different groups of treatment were separated: no expo-
sure to blood products (20 patients); treatment with factor concentrates only
(7 patients); »mixed« treatment with both »classic« products (plasma and cryo-
precipitate) and factor concentrates (180 patients).

Fig. 2. Donor screening and vaccination of hemophiliacs
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Serological markers for different viral infections were tested by means of the
ELISA technique of 2nd and 3rd generation as follows: for HBV (HBsAg, HBeAg,
anti-HBc, anti-HBe, anti-HBs) and HIV 1 and 2 (anti-HIV 1 and 2), the whole
period; for HDV, HCV and HAV (anti-HDV, anti-HCYV, anti-HAV total and anti-HAV
IgM), since 1993; for CMV and HTLV I and II (anti-CMV total, anti-CMV IgM, anti-
HTLV I and HTLV 1), since 1996.

In the Transfusion Center Timisoara, donor screening was improved after 1990
(Fig. 2); for HBV infection, HBsAg was combined with anti-HBc, ALT; anti-HIV 1
and 2 have been determined since 1990; HCV has been regularly tested since 1993.
In recent years, about 70-80% have been known, iterative, unpaid donors (com-
pared with 50% before 1990).

Anti-HBV vaccination of hemophiliacs was initiated in 1991, using Gen H-B-Vax
K (MSD Sharp & Dohme GmbH, Behringwerke AG). Many patients didn’t receive
the recommended doses or were incompletely vaccinated. In 1995, anti-HBV vac-
cination of neonates and infants with Engerix B (SmithKline Beecham) was intro-
duced in the National Program of Vaccination. Both are recombinant vaccines with
multiple advantages (security, high immunogenity and purity, more rapid produc-
tion in higher quantities and with lower costs, compared with plasma-derived vac-
cines).

Results and Discussions

In the first treatment group of 20 patients with no exposure to blood products, 85%
of them having factor VIII/IX levels higher than 5%, 3/16 (18.75%) were anti-HBs
positive, two of them being born after 1995 and probably anti-HBV vaccinated; all
were negative for HCV and HIV. In the second group of 7 patients treated only with
factor concentrates, all with factor VIII/IX level under 2%, none was positive for
HBV, HCV or HIV.

The great majority of the patients are included in the third group, of »mixed«
treatment patients, 78.33% having factor VIII/IX levels under 2%. Most of them
have markers of HBV infection (116/159-72.96%) and HCV infection
(105/175-60%); 80.95% of these patients have associated HBV and HCV markers.

For the HBV infection, the situation is only apparently satisfactory, since 65.41%
(104/159) of the patients recovered (anti-HBs, anti-HBc total positive) (Fig. 3); com-
pared with the known spontaneous recovery rate of about 90% in the natural course
of the HBV infection, the lower recovery rate found in these patients (65.41%) could
have been influenced by the associated HCV infection. The situation seems more cri-
tical if we also take into consideration the fact that 48 of the patients from this group
were vaccinated against HBV. For the rest of the patients with persistent HBV infec-
tion (6.92% in the replicative and 0.63% in the latency phase) the risk of progressi-
on to cirrhosis (15-20%) or hepatocellular carcinoma (5-6%) cannot be neglected.

The association with HDV infection was found in 17.5% (7/40) of the tested
patients, all with HBV markers of the recovery phase; this suggests a co-infection
(which has a rate of persistent infection of only 2%, compared with 70% in the case
of superinfection).
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Anti-HBYV vaccination
= <2% 141 patients (78.33%) > 33 after diagnosis, 6 born beginning with 1995

*2-5% 25 patients 2> 3 “ 1 “
+5-10% 7 patients > 2 “ 2 «“
*+>10% 7 patients > 1 «“

Fig. 3. HBV markers in the group of »mixed« treatment patients

The infection with HCV (Fig. 4) represents undoubtedly a major problem for the
future of these patients, since 50-80% of the cases of acute HCV hepatitis are known
to become persistent and 38-50% of them will progress to cirrhosis and an as yet
unknown percentage to hepatocellular carcinoma in a period of 5-20 years.

The treatment of chronic HBV and HCV hepatitis is very expensive (Interferon,
antiviral agents - Lamivudine, Ribavirine) and the recovery rate quite modest; the

Fig. 4. HCV and other viral markers in the group of »mixed« treatment patients
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presence of unfavorable predictive factors in patients from our cohort (associated
infections, early infections and depressed immunological reactivity, a.s.0.) could
probably alter the recovery chance. The evolution of the chronic infection and the
treatment response follow-up (HBV DNA, HCV RNA) represent large supplemen-
tary costs. An important issue is that the treatment of chronic hepatitis decreases
the risk of progression to cirrhosis and hepatocellular carcinoma.

The absence of HIV infection in our cohort, even in patients treated before 1990,
when donors were not tested for HIV, is definitely a very fortunate aspect; the
reasons include retaining the modest use of blood products, the great proportion
of iterative donors (only one was found to be HIV positive among about 24,000
tested in 1999, none in 2000), the fact that before 1990, HIV infection has not
emerged in adults in our country.

From the other viral markers tested in patients who form the third group
(Fig. 4), the high frequency of anti-HAV has to be taken into consideration; it sug-
gests an important endemic zone in our country and could serve, taking into
account the deleterious effect of multiple hepatic co-infections, as an argument for
the anti-HAV vaccination of hemophilia patients. Infections with CMV and HTLV II
have no major clinical significance except for the possible reactivation of a latent
CMV infection in cases of immunosuppression.

The risk of multiple exposures to non-inactivated blood products is expressed
by the fact that 83.2% of the patients with HBV markers and 81.32% of those with
anti-HCV have severe forms of hemophilia (factor VIII/IX level under 2%), and
were exposed to the frequent use of »classic« products.

Fig. 5. The efficiency of donor screening
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Fig. 6. The response to anti-HBV vaccination

The improvement of donor screening after 1990 proved to be a good modality
for reducing the viral posttransfusional risk. For the HBV infection, the frequency
of patients with positive markers decreased by 45.56% after 1990; for the HCV
infection the efficiency of donor screening was dramatic, with a reduction of
78.17% after 1993 (Fig. 5).

Anti-HBV vaccination (Fig. 6) was applied in 38 diagnosed patients, beginning
with 1991 and in 17 patients born from 1995, before diagnosis (National Program of
Vaccination). The response rate was not satisfactory in diagnosed patients (31.58%
immunized only through vaccination, having only anti-HBs), because in 73.68% of
these cases, patients received only one or two doses of vaccine and in 15.79% of
cases, the doses were lower than recommended. For the patients born beginning
with 1995, the low response rate (29.41%) is probably determined by an incomplete
or non-uniform vaccination at the beginning of the national program. An interest-
ing aspect was that »mixed« immunized patients (through vaccination and in-
fection, having anti-HBs but also other markers (anti-HBc and/or anti-anti-HBe),
had the highest median titer of anti-HBs (282.2 mIU/ml, compared with
154.68 mIU/ml for the naturally immunized and respectively 109.15 mIU/ml for the
patients immunized through vaccination), although with a lower percentage of
response maintenance (anti/HBs positive in 81.25% of the patients after a median
6.96-year period, compared with 100% after 5.69 years, in vaccination immunized
patients). Together with the fact that anti-HBV vaccination is not contraindicated in
cases of HCV infection, this represents an argument for the general anti-HBV
vaccination in anti-HBs negative hemophiliacs.
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Condusions

The present study reflects the major risk of viral posttransfusional, mainly hepatitis
infections, represented by the use of non-inactivated blood products in hemophilia
patients: high frequency of HBV, HDV and HCV infections and many multiple
infections. The treatment and follow-up of chronic hepatitis is very expensive and
cannot exclude the major long-term risk of progression to cirrhosis and hepato-
cellular carcinoma. The improvement in donor screening and the anti-HBV vacci-
nation of the patients decreased this risk and have to be constantly applied in the
future to all the hemophilia patients in our country who are still treated with »clas-
sic« replacement therapy. The only optimal solution is to abandon treatment with
non-inactivated blood-products and to totally cover the substitution needs by using
plasma derived or recombinant factor concentrates.
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Symptomatic Onset of severe Hemophilia A in Childhood
is dependent on the Presence of Prothrombotic Risk Factors

S.HHALIMEH, C. EscURIOLA ETTINGSHAUSEN, K. KURNIK, R. SCHOBESS,
C. WERMES, H. PoLLMANN, W.D. Kreuz and U. NowAK-GOTTL

Introduction

Hemophilia A and B are X-linked genetic hemorrhagic disorders resulting from
deficiencies of blood coagulation factor VIII or IX. Subjects suffering from plasma
levels of factor VIII coagulant activity or factor IX below 1% of normal are classi-
fied as severe hemophiliacs (1). While mild or moderate hemophilia is not always
diagnosed during childhood, severe hemophilia is generally diagnosed at an early
age (2-6). Although bleeding symptoms correlate with the levels of the remaining
factor activity, it is reported that not all hemophilic subjects with factor levels <1%
bleed with the same severity (7,8), and in rare cases of severe hemophilia A (9),
thrombotic episodes have been reported also in childhood (9-15).

So far, various molecular defects of different hemostatic components have been
established as risk factors for venous thromboembolic diseases in children and
adults: deficiencies of protein C, protein S and antithrombin, resistance to activated
protein C mostly due to the factor (F) V1691 A gene mutation, and the prothrombin
(PT) G20210 A genotype respectively (16-19).

Besides the possibility that the mutation type within the factor VIII gene may
influence the clinical severity of hemophilia (20,22), it has been recently suggested
that the clinical phenotype of severe hemophilia A is influenced by co-inheritance
with the factor V1691 A mutation (21). The present study was therefore conducted
to unravel the role of prothrombotic risk factors, i.e. deficiencies within the variant,
coinherited with severe hemophilia A with respect to the first symptomatic onset of
the disease in pediatric Caucasian patients.

Methods
Inclusion Criteria

Untreated Caucasian infants and children with previously undiagnosed severe
hemophilia A (FVIII activity <1%) aged neonate to 16 years who were admitted to
the university pediatric hospitals in Frankfurt, Halle, Hanover, Munich and
Miinster, Germany at the first symptomatic and spontaneous onset of the disease.
In the patients enrolled, the classification of reagents and factor VIII-deficient
plasma were investigated.
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Exclusion Criteria

Pretreated pediatric patients, subjects in whom surgery or major (birth-) trauma-
induced bleeding had occurred (5,6). In addition, patients with prenatal diagnosis
of hemophilia A (HA) were excluded, as were children with a diagnosis of hemo-
philia before their first bleeding episode.

Study Endpoint

First symptomatic bleeding to the diagnosis of severe hemophilia A (2,3).

Study Period

From October 1985 to December 1999, 124 consecutive Caucasian pediatric patients
with a first symptomatic onset of hemophilia A and B were recruited from different
geographic areas of Germany.

Study Population

On the 124 consecutively recruited children, 111 were suffering from HA, and in
13 subjects hemophilia B was diagnosed. The entire study population presented
here included 92 children with severe HA. Patients with hemophilia B were not
included in the data presented here.

Statistics

The probability of the first bleeding onset as a function of time was determined
with the method of Kaplan and Meier including the log-rank risk factors with non-
carriers.

Results

Clinical presentation onset: in subjects with severe HA the majority of cases pre-
sented with mouth bleeding (28%), bleeding from soft tissues (19%), joint bleeding
(18%), large hematomas (17%) or muscle bleeding (14%). In addition, gastro-
intestinal hemorrhage occurred as leading symptoms in 3% of patients and intra-
ventricular hemorrhage in 1% of patients.

Prevalence of prothrombotic risk factors in German children with severe HA:
the prevalence of prothrombotic risk factors in children with severe HA was not
different from previously reported data: FV G1691 A 6.5% (6/92), PT G20201 A 3.2%
(3/92), and protein C type deficiency 1.1% (1/92). No deficiency states of anti-
thrombin or protein S were found in this cohort of hemophilic patients.
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Age at First Symptomatic Bleeding

The first symptomatic bleeding leading to diagnosis of severe hemophilia occurred
with a median (range) age of 1.6 years (0.5-7.1) in children carrying defects within
the protein C pathway or the PT gene mutation compared with 0.9 years (0.1-4.0)
in non-carriers of prothrombotic risk factors (P=0.01).

Discussion

From a small-scale study it has been suggested that coinheritance with the FV
G1691 A mutation, especially when sharing the identical factor VIII gene mutation
(21), may influence the phenotype of severe HA. In contrast, data reported by Arbini
et al. in hemophilic subjects, and very recently data shown by Lee et al. in 137
patients, failed to support these findings, showing that the proportion of severe
hemophiliacs whose mild clinical course could be attributed to coinheritance with
the FV G1691 A mutation tended to be small (23, 24).

Data from this multicenter cohort study clearly demonstrate that the first sympto-
matic bleeding onset not associated with surgery or other major trauma which leads
to diagnosis of the disease in children with severe HA, occurs significantly later in life
in hemophilic subjects carrying additional prothrombotic risk factors than in non-
carriers, thereby supporting the hypothesis of Nichols et al. (21) that the hemophilia
phenotype is influenced by coinheritance with prothrombotic risk factors.

In this survey 10 of 92 subjects (10.9%) with severe hemophilia A carried pro-
thrombotic risk factors, i.e. the factor V. G1691 A mutation (n=6), the PT G202010 A
variant (n=3) and protein C type I deficiency (n=1), which is in the reported range
for healthy Caucasian individuals (18,19). However, the development of sympto-
matic thromboembolism diagnosed in two of ten patients carrying additional pro-
thrombotic risk factors (20%) is a rare complication reported in sporadic cases of
severe hemophilia.

In conclusion, data of the cohort study presented here suggest that there is at
least some evidence that the hemophilic phenotype is influenced by the presence or
absence of prothrombotic risk factors.
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Differences between Neonates and Adults in Plasmin
Inhibitory and Antifibrinolytic Action of Aprotinin

M. RiES, M. ZENKER and J. KLINGE

Introduction

The fibrinolytic system is involved in a wide variety of biological phenomena such
as dissolution of fibrin blood clots, tissue remodeling, metastasis, angiogenesis,
wound healing, embryogenesis and embryo implantation (1). It differs physiologi-
cally in neonates from older children or adults. The absolute and relative con-
centrations of various components differ from adults, and they are dependent on
both the gestational age and postnatal age (for review see 2). In addition, the func-
tional behavior of fetal plasminogen and fetal fibrinogen differ from the adult
forms, although electrophoretic molecular weight analyses, as well as amino acid
composition and partial amino acid sequencing revealed no differences between
fibrinogen and between the plasminogen forms 1 and 2 of neonates and adults
(3-12). Therefore, variations in functional behavior have been related to differences
in carbohydrate composition (5). Oligosaccharides linked to proteins may contri-
bute to receptor-mediated interactions, protein stability, clearance from the circu-
lation, and physiological function (13, 14).

Like adult plasminogen, fetal plasminogen exists in two major glycoforms, plas-
minogen 1 and plasminogen 2. Both contain an O-glycosylation site at Thr34>, while
type 1 plasminogen contains an additional N-glycosylation site at Asn?®%. The diffe-
rence in glycosylation is possibly responsible for the lower overall activation rates
of the two fetal glycoforms when t-PA is used as an activator and CNBr-fibrinogen
fragments as a stimulating effector (5). However, despite low plasminogen levels of
~50% of adult values and slower activation kinetics in the fetal plasma, the overall
fibrinolytic activity measured by gross functional assays is quite similar to that of
adult plasma (15-18).

Plasmin, a serine protease, is generated from its zymogen plasminogen by
cleavage of the Arg>!-Val562 bond. This results in formation of the two-chain,
disulfide-bonded plasmin with a heavy chain which contains kringles 1-5 and the
lysine-binding sites (LBS), and a light chain which contains the catalytic serine pro-
tease site (19). Similar to plasmin-a,-antiplasmin inhibition (20), the reaction
between aprotinin and plasmin proceeds in a two-stage mechanism (21): a fast
reaction with a loose complex (EI*), followed by a tightly bound, stable complex
(EI), in which enzyme and inhibitor remain largely unchanged (Eq 1).
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kK
E+l 2 EI*Z2El  (Eql) (E enzyme, I inhibitor) (1)
k, k,

Previously, we have shown that plasmin-a,-antiplasmin reaction is significantly
slower in fetal plasmin type 1 and type 2 compared with the respective adult plas-
min types (22).

An understanding of the ontogeny of hemostasis will optimize the prevention,
diagnosis, and treatment of hemostatic problems during the neonatal period. A full
understanding of the hemostatic system of the neonate includes the characteriza-
tion of fetal forms of coagulation and fibrinolysis proteins with respect to structure
and function.

Although aprotinin has been used in neonates and small infants with congenital
heart disease, there have been no investigations into the effect of aprotinin on the
neonatal fibrinolytic system. The aim of our study was to look at the possible in-
fluence of glycosylation on plasmin activity by determining the reaction kinetics of
both adult and fetal plasmin with aprotinin. In addition, we investigated the effect
of aprotinin on clot-lysis experiments with neonatal as well as adult plasma.

Patients and methods

Plasma Samples

After obtaining informed consent, blood samples were taken from the placenta of
15 newborn babies by atraumatic puncture of the umbilical vein immediately after
the cord was clamped but before separation of the placenta. These infants were full
term with no evidence of fetal distress during labor, adequate size for gestational
age, had Apgar scores of 8 or more, and no problems for the first 5 days of life. They
were born to healthy mothers after uncomplicated pregnancy and delivery. Prior to
further analyses, hereditary thrombophilia was excluded by laboratory analyses.
Plasmas from ten healthy adults were taken as controls.

The blood was anticoagulated with 0.11 mol/L sodium citrate (1:9, v/v, anti-
coagulant/blood) and centrifuged at 1500 g for 15 min to obtain the plasma. The
platelet poor plasma was quickly frozen and stored at -40°C.

Purification of Plasminogen

Plasminogen was isolated from plasma in the presence of aprotinin by affinity chro-
matography on lysine-Sepharose (23). This was followed by a gel filtration on
Sephadex G-200 to remove aprotinin and EACA. The purified plasminogen was
dialyzed against distilled H,0, and lyophilized. To prevent conversion of Glu-plas-
minogen into Lys-plasminogen by remaining minimal amounts of plasmin, the
plasminogen samples were incubated with aprotinin-Sepharose for 15 min after the
gel filtration step. In addition, aprotinin-Sepharose was present during the dialysis
steps and finally removed by filtration.
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Preparation of Plasmin

Plasminogen was activated to plasmin by use of high molecular weight two-chain
u-PA (1¢t IS, code 87/594 from National Institute for Biological Standards and
Control, South Mimms, UK), which was coupled to CNBr-activated Sepharose (all
coupling reactions of proteins to CNBr-activated Sepharose 4B were performed in a
0.1 M Borate-buffer, 0.5 M NaCl, pH 8.3, followed by blocking of the residual sites
with the same buffer containing 1 M ethanolamine). Active plasmin was flash frozen
in liquid nitrogen and stored in aliquots at —-40°C for further use. Plasmin concen-
trations were determined by active site titration with 4-methylumbelliferyl
p-guanidinobenzoate hydrochloride, essentially as described (24). K, and k,
values for each plasmin preparation with the chromogenic substrate H-D-Val-Leu-
Lys-pNA (S-2251) were calculated from the Michaelis-Menten equation using non-
linear regression analysis. This was necessary for the determination of the maximal
velocity of plasmin towards S-2251 (v,,,,) in the inhibition studies.

Aprotinin

The concentration of aprotinin was determined by titration against plasmin of
known concentration.

SDS-Page

Polyacrylamide gel electrophoresis in the presence of SDS was performed on 7.5%
acrylamide gels (Phast System, Pharmacia, Sweden) to demonstrate the purity of
the proteins used in the experiments.

Inhibition Studies

All kinetic experiments were performed in a 0.01 M Hepes-buffer, 0.15 M NaCl, pH
7.4, containing 0.01% Tween 20 at 37°C. All experiments were done in duplicate.
The mode of the plasmin-aprotinin interaction was investigated by slow binding
kinetics methods (20). To determine inhibition constants, the onset of inhibition
was monitored by adding plasmin at a final concentration of 0.5 nM to a mixture of
1 mM S$-2251 and aprotinin at concentrations from 0-20 nM. The final volume of
each mixture was 250 ul and was overlaid by 50 pl mineral oil to prevent desiccation
during the reaction period. Reactions were monitored at 53-s intervals for 5 h in
order to establish good estimates of initial reaction rates as well as final steady-state
rates. Data were fitted to the integrated rate equation for slow binding inhibition
according to Longstaff and Gaffney (20) by nonlinear regression analyses. Fitting
generated values for v, (initial rate), v, (final rate), k’ (apparent rate constant for the
transition from v, to v,) and A, (the initial absorbance at 405 nm). Values for v, ,,
were calculated from the enzyme reaction rate in the absence of inhibitor. These
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values were then used to generate rate constants and inhibition constants. The slope
of the line in a plot of v,,/v, versus [I] was used to calculate K .1, the initial dis-
sociation constant for the loose complex in equation 1. Similarly, a plot of v, /v,
versus [I] was used to calculate K; 5., the overall inhibition constant for the binding
of plasmin and aprotinin. The value of k_,, the dissociation rate constant for the
tight complex was calculated from the relationship:

k,=Kvyv,

In addition, k, was calculated from the formula:

K= [(K; ipitiar Ki ginat) (k_2)]-K_,

The use of S-2251 in a concentration of 1 mM prevented significant substrate deple-
tion during the whole experiment.

Microtiter Plate Clot-lysis Assay

We used a modification of the microtiter plate clot-lysis assay previously described
(18). In brief, clots were formed after adding citrated blood to Tris-HCl-buffer
(0.05 M, pH 7.4), thrombin (final concentration 2 IU/ml), calcium chloride (final
concentration 10 mM), rt-PA (final concentration 0.2 pg/ml) or urokinase (final
concentration 125 IU/ml) and different concentrations of aprotinin (final concen-
tration 0-40 KIU/ml). Clotting and dissolution were monitored as a rise and subse-
quent fall in sample turbidity measured at 405 nm using a computer-operated
microtiter plate reader. Absorbance values were monitored at 1-min intervals for 1 h
at 37°C.

Results

Catalytic Constants of Fetal and Adult Plasmin
with Chromogenic Substrate S-2251

Values for K, and k, of fetal plasmin with S-2251 were lower than the values for
adult plasmin with more abundant differences in k, than in K, (Table 1).

Table 1. Catalytic constants K, k., and the catalytic efficiency k_,/K,, of fetal and adult plas-
min with the chromogenic substrate S-2251

Plasmin type K, (mM) Key (s71) k /Ky, (10* M-1s-1)

Adult plasmin 0.169+0.015 19.810.8 11.7£1.1
Fetal plasmin 0.162+0.016 12.1+0.7 7.5+0.9
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Kinetics of Fetal and Adult Plasmin Inhibition by Aprotinin

The data obtained for the reactions of aprotinin with both fetal and adult plasmin
fitted well to the integrated rate equation for slow binding inhibition

A = v t+(v-vg) (1-eK)/K+A,

by nonlinear regression analysis, indicating reversible slow binding inhibition to
give an initial loose complex followed by a tight complex. This clearly confirms that
fetal plasmin reacts with aprotinin in a two-step procedure as has been described
for adult plasmin. The raw data for the inhibition of fetal plasmin by different con-
centrations of aprotinin are given in Fig. 1. No significant differences of the kinetic
constants could be observed between fetal and adult plasmin (Table 2).

Table 2. Values for the rate constants of plasmin-aprotinin reaction

K; initial (NM) Ki final (PM) k_, (10-6s-1) k, (10-3s-1)
Adult plasmin 1.51£0.16 68.4+8.1 55.943.1 1.180.21
Fetal plasmin 1.40+0.14 68.119.0 53.913.0 1.05+0.19
0,3 1 no aprotinin
0,28 1
!

2.5 nM aprotinin
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Fig. 1. Raw data for the inhibition of fetal plasmin (0.5 nM) by different concentrations of apro-
tinin (0~20 nM). Reactions were monitored at 53-s intervals for 5 h. The data obtained fitted
well to the integrated rate equation for slow binding inhibition
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Clot-lysis Experiments

The 50% clot-lysis times with rt-PA and urokinase (without aprotinin) are listed in
Table 3. There were no significant differences between neonates and adults.

To study the effect of aprotinin, we measured the clot-lysis in % after 1 h at
aprotinin concentrations ranging from 5-40 KIU/ml (final concentration). Clot-
lysis at all tested aprotinin concentrations was significantly less in neonatal plasma
compared with adult plasma. The antifibrinolytic action of aprotinin in neonatal
plasma had about twice as much effect in adult plasma (Figs. 2, 3).

Table 3. Fifty percent clot-lysis times with rt-PA and urokinase (without aprotinin)

Urokinase (125 IU/ml) rt-PA (0.2 pg/ml)

Neonates 21.41+6.9 18.1+£3.9
Adults 22.1+74 17.7+4.1
100 -
X 90 1
£ 80
5
o 701
< 60 N
5 50 - —e— Neonates
E 40 - —o— Adults
‘w30 A
2
g 20
o 10 1
0 . d —
0 10 20 30 40

aprotinin in KIE/ml

Fig. 2. Clot-lysis in % after 1 h at aprotinin concentrations ranging from 5-40 KIU/ml (final
concentration). Clot-lysis experiments were performed with urokinase. Clot-lysis at all tested
aprotinin concentrations was significantly less in neonatal plasma compared with adult plas-
ma. The antifibrinolytic action of aprotinin in neonatal plasma had about twice as much effect
in adult plasma

Discussion

Throughout childhood, hemostasis is a dynamic, evolving system. Marked differen-
ces to that in adults have been reported especially in premature babies and neo-
nates. Most levels of coagulation and fibrinolysis factors are lower than those of the
adult (for review see 2). In normal pregnancy and perinatal period, bleeding and
thromboembolic complications are rare events, indicating that coagulation and
fibrinolysis are well regulated. Therefore, hemostasis in neonates must be con-
sidered physiologically adequate.
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Fig. 3. Similar results for clot-lysis were obtained when rt-PA was used instead of urokinase

In all proteins involved in fibrinolysis and in the coagulation cascade, a number of
posttranslational modifications occur. These posttranslational modifications can
affect secretion, binding properties and plasma half-life and may be important for
functional activity of the protein (13, 14).

Characterization of fetal forms of coagulation and fibrinolysis proteins with
respect to structure and function will improve the knowledge of the ontogeny of
hemostasis and thus optimize the prevention, diagnosis, and treatment of hemo-
static problems during the neonatal period.

Although the two major glycoforms of plasminogen have been extensively
studied, the mechanism by which glycosylation alters plasminogen structure and
function remains unclear. Plasminogen consists of five kringle regions and a serine
proteinase domain. It is a mixture of two major types. Both contain an O-glycosyla-
tion site at Thr3*> while type 1 plasminogen contains an additional N-glycosylation
site at Asn?88 (25-27). Recently, an additional O-glycosylation site has been found at
Ser?% in plasminogen type 2 (28). Electrophoretic analyses revealed the same mole-
cular weight for fetal and adult plasminogen. In addition, amino acid composition
and partial amino acid sequencing revealed no differences between the plasmino-
gen forms 1 and 2 of neonates and adults (5, 10). However, composition analyses of
carbohydrate showed marked differences between fetal and adult glycoforms. Fetal
plasminogen contained more mannose, N-Acetyl glucosamine and sialic acid as
well as less galactose than the respective adult glycoforms while plasminogen
activation kinetics with tissue-type plasminogen activator in the presence of CNBr-
fibrinogen fragments have been found to be slower for both types compared with
adult plasminogen (5). In addition, it could be demonstrated (5) that fetal plasmi-
nogen does not bind as well to cellular receptors as adult plasminogen. Previously,
we could demonstrate that fetal plasmin (type 1 as well as type 2) is less inhibited
by a,-antiplasmin than the respective adult types (22). Differences in carbohydrate
composition could well account for the differences in plasmin-antiplasmin reaction
because both carbohydrate and lysine-binding sites are located in the kringle struc-
tures of plasmin and it could be shown that the plasmin-antiplasmin reaction is
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markedly influenced by the presence of lysine-binding sites (29, 30). In contrast, it
could be shown that plasmin-aprotinin reaction is not altered when lysine-binding
sites are blocked by lysine-analogues (21). This could readily explain that, in con-
trast to plasmin-antiplasmin-inhibition, no differences between fetal and adult
plasmin could be seen in the catalytic constants of plasmin-aprotinin reaction in
our study. When aprotinin reacts with plasmin, it forms a stable stoichiometric 1:1
complex with plasmin. The reaction proceeds in two steps. In the first step, apro-
tinin rapidly forms a reversible complex with plasmin. The second step results in a
tightly bound complex. In our analyses, all curves followed the same pattern, indi-
cating reversible slow binding inhibition. Therefore, fetal plasmin reacts with apro-
tinin in the same manner as that of adult plasmin with a first complex formation
followed by a much tighter second complex in a slow reaction step. Detailed kinetic
analyses of plasmin-aprotinin reaction showed no differences between fetal and
adult plasmin reactions.

The effect of all tested aprotinin concentrations on the inhibition of plasma clot-
lysis was significantly higher in neonatal plasma than in adult plasma. The anti-
fibrinolytic action of aprotinin in neonatal plasma had about twice as much effect
in adult plasma (Figs. 2, 3). This clearly indicates that the fibrinolytic action of apro-
tinin is different in neonates compared with adults. Since we could not find diffe-
rences in the inhibition kinetics of fetal plasmin compared to adult plasmin, we
hypothesize that the results of the clot-lysis experiments are solely related to the
lower plasminogen levels in neonates. Aprotinin is a small protein inhibitor of
serine proteases belonging to the Kunitz family. It is a single-chain polypeptide with
a molecular weight of 6512 Daltons, consisting of 58 amino acid residues. It is natu-
rally occurring and is isolated from bovine lung tissue. Its main pharmacokinetic
actions are based on its ability to inhibit proteases such as trypsin, plasmin and
tissue kallikrein. In recent years it has been increasingly investigated as a thera-
peutic agent to reduce blood loss in cardiac and transplant surgery (31-34).
Although it has been used in neonates and small infants with congenital heart
disease, there have been no investigations into the effect of aprotinin on the neo-
natal fibrinolytic system. Our results provide a rational basis for dosage regimens of
aprotinin therapy in neonates and small infants.
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Shorter PFA-100 Closure Times (CT) in Neonates than
in Adults: Role of Red Cells, White Cells, Platelets,
and von Willebrand Factor

B. RoscHITZ, K. SUDI and W. MUNTEAN

Introduction

Compared with adults, neonates have poor in vitro platelet function and very low
levels of some procoagulatory factors (1). Their platelets react hyporesponsively to
a variety of physiological agonists, resulting in decreased platelet activation and
aggregation (2).

These findings would predispose adults to bleeding, but healthy full term infants
do not show any bleeding tendency. Clinical experience does not indicate an in-
creased risk of excessive bleeding during surgical procedures either.

The bleeding time is, in good correlation to clinical experience and in contrast
to poor in vitro platelet function, shorter in healthy neonates than in older children
and adults (3). Additionally, shorter closure times of cord blood than of adult blood
were found by means of the Platelet Function Analyzer, PFA-100 (4, 5, 6).

The PFA-100 is a possible alternative to performing bleeding times, even in
young children and neonates, giving a quick and reproducible measure of primary
hemostasis. The reasons for shorter CTs in neonates compared with adults and
older children have remained unclear, and in various hypotheses they were attribu-
ted mostly to increased activity of neonatal von Willebrand factor (vWF) (4, 5),
which is elevated in plasma levels and has multimeres of higher molecular weight
than in adults (7), and to the high hematocrit present in neonatal cord blood. Other
blood constituents such as the very high white cell count possibly also might con-
tribute to the short CT in neonates.

Shorter CTs in neonates might interfere with the use of this method to diagno-
se platelet disorders and von Willebrand disease, when the short CT is caused by
other blood constituents than platelets or vWE.

In an attempt to clarify the cause of short CT in neonates, we investigated CTs in
cord blood by modifying red blood cell, white blood cell, and platelet counts, after
inhibition of platelet receptors and von Willebrand function.

Materials and Methods

Blood Sampling

Blood was collected from the umbilical vein of 70 full term neonates (gestational
age >37 weeks) and from 25 healthy adult controls.

1. Scharrer/W. Schramm (Ed.)
31t Hemophilia Symposium Hamburg 2000
© Springer-Verlag Berlin Heidelberg 2002
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Preparation of Platelet-Rich Plasma, Platelet-Poor Plasma,
and Washed Red Blood Cells

Platelet-rich plasma (PRP) was obtained by centrifugation of whole blood at 200 g
for 10 min at room temperature. The PRP was carefully aspirated.

Platelet-poor plasma (PPP) was prepared by centrifugation of either whole
blood or the remaining layer at 2800 g for 10 min.

After having removed PRP, PPP, and buffy coats red blood cells were resuspen-
ded in phosphate-buffered saline. Cells were washed and centrifuged three times at
170 g for 10 min. Cell counts were taken on red blood cells, buffy coats, PRP and PPP
before any autologous or heterologous reconstitution was performed.

Preparation of Samples with Reduced Hematocrit or Reduced Platelet Count

Experiments with reconstituted blood were performed according to Dietrich et al.
with some modifications (8). In short, reconstitution in the cord blood was per-
formed by adding PRP, PPP, and buffy coats in different proportions to packed red
blood cells, either to achieve adult hematocrit levels with neonatal platelet counts or
neonatal hematocrit levels with adult platelet counts. Cell counts were checked in
reconstituted samples.

Preparation of Leukocyte Free Blood Samples

PRP, PPP, buffy coats, and red blood cells were prepared as described above. The
PRP and PPP were added again to the red packed cells to obtain nearly leukocyte-
free samples while maintaining the same red cell and platelet counts as in the un-
altered whole cord blood samples.

In Vitro Effects of Abciximab

The glycoprotein GPIIb/IIIa antagonist, abciximab (ReoPro®, Eli Lilly GmbH,
Vienna, Austria) was added to cord blood to attain final antibody concentrations
of 1,75 pg/ml in blood. Each aliquot was mixed by gentle inversion of the tube
and incubated at room temperature for 10 min and then tested in duplicate with
collagen/epinephrine and collagen/adenosine 5’-diphosphate cartridges.

Inhibition of vVWF by Antibody

A polyclonal von Willebrand antibody (goat anti-human vWF, Affinity Biologicals,
Incorporated; Hamilton, Ontario, Canada) was used. Cord blood was incubated at
room temperature at a variation from 50-100 pg/ml, using the equivalent volume in
whole blood, for 5 min prior to the blood being tested in the PFA-100.
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Preparation for Heterologous Reconstitution

In order to get samples with adult red and white blood cells and neonatal PRP or
vice versa, red and white blood cells were added to the heterologous PRP. To further
identify the contribution of PPP to the CT, PPP was prepared either from adult or
cord blood and added to the remaining whole blood layer in heterologous fashion.

Statistical Methods

Mann-Whitney’s U-test, and analysis of variance (using the Student-Newman-Keuls
correction) were used to compare parameters between groups where appropriate.
Kruskal-Wallis test was used if variances were not normally distributed.
Correlations between variables of interest were calculated using Pearson’s correla-
tion coefficient and Spearman’s rank correlation. The significance level of P-values
was set at 5%.

Results

PFA-100 measurements on normal adult subjects conducted in this study indicated
a CT from 84 to 150 s for Col/Epi and from 64 to 98 s for Col/ADP.

For cord blood samples the range was from 50 to 112 s for Col/Epi and from 43
to 98 s for Col/ADP. Mean cord blood CTs were significantly shorter than those of
adult controls, with respect to hematocrit levels (P=0.01), with respect to platelet
count (P=0.00016) and with respect to white blood cell count (P<0.0001).

Effects of Decreased Hematocrit, Platelet Count, and White Blood Cell Count
in Cord Blood

Cord blood has a higher hematocrit, higher platelet and higher white blood cell
count than adult blood. To account for the importance of these parameters in CTs
the following experiments were performed.

Hematocrit

Testing in the PFA-100 showed no significant differences in both cartridge types
between the cord blood samples with unaltered cord blood hematocrit and the
samples with hematocrit levels adjusted to normal adult range (Col/Epi P=0.29;
Col/ADP P=0.46) (Fig. 1).

Platelets

The mean platelet count of the unaltered cord blood samples was about 266x10%/ul,
in the reconstituted samples (n=10) about 160x103/ul. Mean CTs for both cartrid-
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Fig. 1. CTs with the collagen/epinephrine cartridges in normal cord blood (A-C), and recon-
stituted cord blood samples. A1, nearly leukocyte free blood samples; B1 hematocrit lowered
to adult samples; C1, platelets lowered to adult levels. Each symbol represents the median value
of duplicate testing. Horizontal bars refer to mean CTs for each group of individuals

ges were not significantly longer after the platelet counts had been adjusted to adult
levels (Fig. 1).

White Blood Cells

To show the contribution of white blood cells to CTs PRP and PPP were added to
washed red cells to obtain nearly leukocyte free samples (n=7). The white blood
cells were lowered from 11.7x103/pl to 0.9x103/pl (mean values). The leukocytes did
not show any influence on the CT (Col/Epi P=0.4, Col/ADP P=0.28) (Fig. 1)

Heterologous Reconstitution

To further identify the contribution of cord blood constituents to the CT, PRP and
PPP were prepared from either adult or cord blood and reconstituted in hetero-
logous fashion.

When analyzing reconstituted blood (remaining adult cellular components and
cord blood PRP) (n=5) CTs were significantly shorter than in unaltered adult whole
blood samples.

Adult PRP in heterologous reconstituted cord blood (n=9) did significantly
lengthen CTs in both cartridges compared to CTs of the unaltered cord blood sam-
ples (P=0.001).
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Fig. 2. Box plot of collagen/epinephrine and collagen/ADP CTs of adult controls (Adult) and
samples, heterologously reconstituted with adult cellular components and cord blood PPP
(Mix). A significant difference was seen between Adult and Mix CTs (C<0.0001)

To assess the importance of PPP, neonatal PPP was added to the remaining layer of
adult whole blood (see Materials and Methods). In both cartridges significant diffe-
rences between the reconstituted and unaltered blood sample (n=15) were found
(Fig. 2).

Adding adult PPP to cord blood cellular components significantly lengthened
the CTs of both cartridges.

Effect of a GPIIb/IIIa Antagonist, Abciximab

When adding abciximab to cord blood samples, three out of five samples in the
Col/Epi, and four out of five samples in the Col/ADP cartridge failed to produce
occluding platelet plugs, thus resulting in nonclosures. In the three other samples a
prolongation was observed.

Inhibition of vWF by Antibody

After incubating cord blood samples (#=10) with a polyclonal von Willebrand anti-
body at a concentration of 100 ug/ml in both cartridges three out of five samples
showed nonclosures and two a very strong prolongation. At a concentration of
50 pg/ml two nonclosures and three prolongations >200 s were found.
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Discussion

In adults, the PFA-100 is a useful tool for diagnosis and therapeutic monitoring of
patients with von Willebrand disease and for evaluating platelet function.
Neonates have significantly shorter CTs than older children and adults (4).
Reasons for these shorter CTs have remained unclear and were mostly attributed
to the difference in cellular blood constituents. Hematocrit is higher in neonates
than in adults which might influence flow and rheology. In our study the diffe-
rence between cord blood and adult CTs remained significant after taking respect
to higher hematocrit levels. In order to confirm these findings obtained by means
of statistical methods, we carried out experiments with cord blood. By modula-
ting hematocrit in reconstituted cord blood samples, we demonstrated that there
was no substantial difference in CTs between the unaltered and the modified sam-
ple. Adjusting cord blood hematocrit to adult levels did not lengthen the neonatal
CT to adult CTs. The results of our experiments showed that the difference in
hematocrit between cord blood and adult blood did not account for shortened
CTs in cord blood samples.

In adults a dependency of CT on platelet count has been shown. Neonates had
slightly higher platelet counts than the adult control group in our study. The diffe-
rence in platelet counts between cord blood samples and adult controls did not
influence CTs in our study significantly, and, therefore, shorter CTs in neonates
could not be explained by the slightly higher platelet counts in newborns than in the
adult controls.

The most striking difference in cellular components between adults and neo-
nates is the elevated white blood cell count. White cells vary widely in neonates. In
the first days of life white blood cell counts up to 30x103/ul can be observed, decrea-
sing within the first 3 months. Leukocytes might be important in platelet aggrega-
tion and plug formation. White cells can release prostacyclin and a platelet-activa-
ting-factor which modulate platelet function (9). To evaluate the possible role of
white blood cells on CTs, PFA-100 measurements were undertaken with nearly
leukocyte-free samples. Under these conditions CTs were similar to those of intact
whole cord blood. Therefore our study did not provide any evidence that the high
number of white cells in neonatal blood did significantly influence the CT.

Overall, our study does not give any support to the notion that the different
amounts of cellular components in adult and neonatal blood are responsible for
shorter CTs in neonates.

To further assess the possible role of neonatal platelets and plasma in shortening
the cord blood CT, we performed mixing experiments with PRP and PPP. Cord
blood PRP always leads to shorter CTs when added to adult cellular blood com-
ponents, whereas neonatal CTs were significantly lengthened when removing its
PRP and exchanging it for adult PRP. The fact that neonatal platelets were capable
of interacting with plasma vWF very well in the PFA-100 was also supported by our
results with abciximab. When ligand GPIIb-1IIa was inhibited, PFA-100 measure-
ments resulted in nonclosures or strong prolongations in neonates, as has already
been shown in adults (10). Overall our results suggest that neonatal platelets, despite
their poor function in various in vitro tests, work well in the PFA-100.
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But neonatal PPP alone added to adult cellular blood components containing
adult platelets also shortened adult CTs, suggesting that the blood constituent
responsible for shortening the CT has to be part of the PPP. Cord blood PPP did
significantly shorten adult CTs, whereas neonatal CTs were lengthened when the
cord blood plasma was replaced by adult PPP. It is known that vWF with multimeres
of higher molecular weight is present in neonatal plasma (7). Therefore, it is an
obvious hypothesis, since VWF has been shown to be important in the formation of
the platelet plug at the membrane in the PFA-100 cartridges, that shortened CTs
observed in neonates may be due to the elevated levels of their plasma vWE. Shorter
CTs in the presence of neonatal PPP might be due to higher vWF multimeres in
neonatal plasma allowing increased adhesion of the platelets to the PFA-100 mem-
brane.

In conclusion, our study shows that short cord blood PFA-100 CTs are caused by
a constituent of neonatal PPP, most likely the neonatal high multimeric vWE The
shorter CTs in neonates than in adults are not mediated by other cellular blood con-
stituents, such as high hematocrit and high white blood cell counts. Our study
demonstrates that the short CT in neonates is dependent on the same components,
platelets and vWE, as in adults and it is therefore likely that the PFA-100 can be used
in neonates in the same way as in adults to investigate platelet and vWF function.
Whether von Willebrand disease and specific platelet disorders can be diagnosed in
neonates by means of the PFA-100 remains to be verified in clinical studies.
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Efficacy and Safety of a High Purity Protein C Concentrate
in the Management of Patients
with severe Congenital Protein C Deficiency

B. MoRr1ITZ, S. ROGY, S. TONETTA, H.P. SCHWARZ, H. EHRLICH
and the CEPROTIN Study Group

Introduction

Severe congenital protein C deficiency is a very rare disease which is most often
caused by a homozygous genetic defect and is inherited as an autosomal recessive
trait. The prevalence of homozygous protein C deficiency has been estimated at 1 in
every 160,000 to 360,000 births (Miletich, 1987). Double heterozygous defects can
also result in severe protein C deficiency. Protein C deficiency is manifested by the
occurrence of severe, often life-threatening thromboembolic disease. Affected
children typically develop symptoms of purpura fulminans, cerebral thrombosis
and/or retinal or vitreous hemorrhage/thrombosis during the first days or weeks of
their life. In the absence of an effective replacement therapy, treatment options have
been limited and of suboptimal efficacy.

Since the microcirculation is the major site of function of the protein C pathway,
the consequences of severe protein C deficiency typically first become manifest in
the capillaries of the skin. The clinical signs of purpura fulminans are the result of
capillary thrombosis and interstitial bleeding and consist of ecchymotic skin lesi-
ons which, if untreated, rapidly develop into hemorrhagic bullae with subsequent
gangrenous necrosis which may necessitate amputation. These lesions appear
mainly on the extremities but also on other parts of the body (Marlar, 1989).
Thrombosis may also occur in larger vessels and multi-organ failure develops in
association with severe disseminated intravascular coagulation (DIC). Cerebral
thrombotic complications (which may also occur in utero) are responsible for
hydrocephalus, mental retardation, delayed development and seizures, and partial
or complete blindness may result from retinal thrombosis (Branson, 1983).

Baxter Hyland Immuno has developed a Protein C Concentrate (CEPROTIN) for
replacement therapy for prevention and treatment of severe protein C deficiency.
CEPROTIN is a monoclonal antibody purified concentrate of protein C. Safety with
regard to transmission of blood-borne viruses is provided by two independent
virus inactivation steps, intensive detergent treatment (Tween 80) and vapor heat-
ing (steam treatment).

The same case reports of patients with severe congenital protein C deficiency
treated with CEPROTIN and included in this analysis have already been previously
reported (Dreyfus, 1995; Minford, 1995; Richards, 1997 and Sanz-Rodriguez, 1999).
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Table 1. Demographic data for 22 subjects with a diagnosis of homozygous or double hetero-
zygous protein C deficiency

Sex Male: 11 Female: 11

Family history Yes: 9 No: 13

of protein C deficiency

Age at diagnosis <1 year: 15 >1 year: 7

Diagnosis Homozygous: 17 Double heterozygous: 5

Genetic analysis available 13 subjects (59%)

Protein C activity No. subjects Ageat
at diagnosis first symptoms
<1 month >1 month Unknown

0-3% 6 5 1
4-10% 7 4 3
>10% 8 4 3 1
Unknown 1 1
Total 22 14 6 2

(100%) (64%) (27%) (9%)
Methodology

Twenty-two subjects with severe congenital protein C deficiency were treated in an
open-label, multicenter study and under compassionate use provisions. Data were
collected retrospectively to evaluate the efficacy and safety of CEPROTIN for the
treatment of acute symptoms and for prophylactic treatment.

Demographic data for 22 subjects with a diagnosis of homozygous or double
heterozygous protein C deficiency are presented in Table 1.

Some data obtained originally were not monitored. In 1998, a retrospective data
collection was conducted in Germany, Italy, United Kingdom, Switzerland, Spain,
Hungary, Turkey, Canada and the USA. New case report forms were designed to cap-
ture crucial information on diagnosis, treatment, treatment outcome and adverse
experiences. Centers were contacted and consented to monitoring, and data were
collected from subjects’ medical records.

Clinical efficacy was evaluated in terms of regression of any skin lesions present
at entry, and the dissolution of thrombotic occlusions was evaluated descriptively.
Data from subjects who received CEPROTIN for short-term prophylaxis (prior
to surgery or in situations of increased risk of thrombosis, such as infection and
trauma) or long-term prophylaxis of thrombotic events or complications were
evaluated descriptively.

Pharmacokinetic analyses were performed using both compartmental and non-
compartmental models. Protein C activity was measured using the amidolytic
and/or the anticoagulant test system.

For the safety analyses (adverse experiences and viral transmission) 57 additio-
nal subjects, who were on CEPROTIN for other types of protein C deficiency
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(simple heterozygous, transient neonatal, acquired, or not specified) were in-
cluded.

Patients with severe congenital deficiency were also monitored for the develop-
ment of inhibitory antibodies against protein C using a chromogenic assay based on
the principle of the Bethesda assay.

Results — Efficacy
Acute Presentations

Seventeen of 22 subjects were treated for the occurrence of acute symptoms.

A markedly improved or healed purpura fulminans and coumarin-induced skin
necrosis could be demonstrated in all cases (Table 2).

Blindness caused by retinal thrombosis or hemorrhage could not be prevented
in several subjects. This was probably due to the fact that treatment could not
be initiated immediately. Retinal thrombosis occurred in 7 of 22 subjects.
Marked improvement could only be achieved in one case, when replacement with
CEPROTIN was started before retinal thrombosis was diagnosed.

Table 2. Treatment outcome evaluated by the investigators in a total of 37 acute clinical pre-
sentations

Clinical Marked  Moderate Slight No Not Total
presentation improve- impro- improve- improve- evaluated
ment or  vement ment ment
healing
Purpura fulminans 16 16
(10 subjects)
Coumarin-induced skin 6 6
necrosis (4 subjects)
Cerebral thrombosis 1 1
(1 subject)
Retinal/vitreous 1 1 5 1 8
hemorrhage/thrombosis
(7 subjects)
Deep vein thrombosis 1 1
(1 subject)
Hematoma (2 subjects) 1 2 3
Catheter thrombosis 1 1

(1 subject)
Osteonecrosis (1 subject) 1 1
TOTAL 25 1 1 6 4 37
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Table 3. Summary of investigators’ evaluations of overall success of treatment with CEPROTIN
for 12 short-term treatment courses

Subject ID Type of treatment Investigator’s evaluation
of overall success

PC0024 Resection of infarcted bowel wall Excellent
Further resection of small intestine Excellent
PC0031 Eye surgery Excellent
Eye surgery Excellent
Eye surgery Excellent
Dental surgery Excellent
PC0036 Repair of ventricular septal defect Excellent
Lung infection Excellent
Lung infection Excellent
PC0045 Circumcision Excellent
PC0056 Endoscopic knee surgery Excellent
PC0094 Evacuation of intracerebral hemorrhage Good

Short-term Prophylaxis

Six subjects underwent short-term prophylaxis prior to or during surgery (Table 3).
Investigators rated 11 of 12 treatment courses as excellent and one treatment (eva-
cuation of intracerebral hemorrhage) as good. Only one minor thrombotic event
occurred (asymptomatic catheter thrombosis).

Long-term Prophylaxis

Nine subjects received long-term treatment with CEPROTIN for a period of up to
7 years. Long-term prophylaxis treatment could be evaluated in seven of these
subjects and was graded as excellent in all cases (Table 4). Three of these subjects
received the product initially intravenously and subsequently, by independent
decision of the investigator, were treated via a subcutaneous route.

Pharmacokinetics

The half-life evaluated for seven subjects using the compartmental model ranged
from 1.1-9.7 h (median = 5.6 h), lower than previously described (range 7.8-11 h).
Consumption of protein C during the acute phase could result in a shorter half-life.
Also, subject-to-subject variability was high and the number of subjects limited.
Half-life using the non-compartmental model ranged from 1.7-18.7 h (median =
10.1 h). Median in-vivo recovery was 41.4% (range 6.4-87.1%). These data are
presented in Table 5.
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Table 4. Duration of treatment with CEPROTIN, outcome evaluation (if available) and throm-
botic events during long-term treatment

Subject Long-term treatment duration Outcome  Thrombotic episodes during
ID evaluation long-term treatment
PC0006 11 January 1993-ongoing Excellent  Mild thrombotic lesions below

the right eye and the right foot
probably due to bruising

PC0007 06 September 1992-ongoing Excellent  None reported

PC0021 25 November 1995-18 April 1996 - Purpura fulminans
and 10 June 1996-ongoing (interruption of Protein C

treatment)

PC0026 25 January 1995-ongoing Excellent  None reported

PC0030 15 January 1992-14 August 1992  Excellent  Purpura fulminans
and 31 October 1992- (interruption of Protein C
10 July 1994 and treatment)

10 October 1995-ongoing
PC0036 14 October 1989-17 July 1992 Excellent  Catheter thrombosis during

(intermittent) hospitalization for pulmonary
infection
Necrotic ecchymosis of inferior
limbs (no Protein C treatment
prior to this event)
Necrotic ecchymosis of the
knees and lung infection

PC0069 30 June 1997-ongoing Excellent ~ None reported

PC0102 11 February 1992-ongoing Excellent  No recurrences after initiation
of long-term Protein C
treatment

PC4010 06 March 1998-ongoing - No recurrent problems

Table 5. Individual half-life values and in-vivo recovery for seven evaluable subjects

Subject Age Date of PK ty,  IVR  Description Date of onset
ID analysis (h) (%) of thrombotic
symptoms

PC0013 15days 19 November 1993 1.5 156 Purpurafulminans 06 November 1993
PC0017 4days 18 March 1994 1.1 243 Purpurafulminans 15 March 1994

PC0028 8 months 18 September 1995 3.9  14.8 Coumarin-induced September 1995
skin necrosis

PC0046 19 years 25 March 1992 86 nd  Deep vein February 1992
thrombosis

PC0049 17 years 16 November1993 7.0 87.1 Coumarin-induced October 1993
skin necrosis

PC0056* 39 years 15 April 1997 68 nd -

PC0069 8 years 30 June 1997 97 585 -

2 Further PK studies were performed and are not presented here. The summary statistics, however, were
calculated using the median over all PK parameters for each subject
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Fig. 1a-c. a Purpura fulminans prior to tre-
atment; b 6 days after start of treatment with
CEPROTIN; ¢ 2 months after start of treat-
ment with CEPROTIN

Results — Safety

More than 7,500 CEPROTIN infusions were administered. No adverse experiences
considered related to the product by investigators occurred. No viral transmission
or seroconversion was observed in any subject.

Eleven subjects could be monitored for the development of inhibitory anti-
bodies against protein C. These subjects received 31-2386 infusions. Individual total
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doses of 22,500-2,180,600 IU CEPROTIN were administered; the treatment durati-
on ranged from 1.5 to 9 years. None of the subjects developed inhibitory antibodies
against protein C.

Conclusions

For the 22 homozygous or double heterozygous subjects, who either presented with
acute symptoms (purpura fulminans, skin necrosis, thrombosis) or received
CEPROTIN prior to surgery for prevention of thrombosis or thrombotic compli-
cations, the clinical outcome was rated excellent in 83% of the cases evaluated.
A markedly improved or healed purpura fulminans and coumarin-induced skin
necrosis could be documented in all 14 subjects and 22 treatment courses evaluated
after CEPROTIN administration. (See Fig. 1a—c as an exemplary case).

CEPROTIN could not prevent blindness due to retinal thrombosis or hemor-
rhage in several subjects, which was probably due to the fact that treatment could
not be initiated immediately after diagnosis of severe protein C deficiency or to
thrombosis in utero.

The half-life evaluated for seven subjects using the compartmental model
ranged from 1.1-9.7 h (median = 5.6 h), lower than previously described (range
7.8-11 h), since consumption of protein C during the acute phase could result in a
shorter half-life. Subject-to-subject variability was high and the number of subjects
limited.

No adverse experience related to the study drug occurred in any of the >7,500
infusions, no viral transmission, seroconversion or development of inhibitory anti-
bodies against protein C was observed in any of the subjects.

In conclusion, CEPROTIN was shown to be safe and effective in the treatment of
subjects with severe congenital protein C deficiency.
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Respective Roles of Factors I, VII, IX,
and X in the Procoagulant Activity of FEIBA

S. GALLISTL, G. CVIRN, B. LESCHNIK and W. MUNTEAN

Introduction -

Recently we demonstrated increased generation of thrombin in the presence of the
activated prothrombin complex concentrate (APCC) FEIBA (2). Determination of
thrombin generation has been shown to be able to distinguish between different
forms of hyper- and hypocoagulability (7). The observed increased thrombin gene-
ration in the presence of FEIBA might be connected with sporadically documented
thrombotic complications after its administration (4). FEIBA contains factors II,
VIL IX, and X, partially in their activated form. Respective roles of each factor are
still a matter of debate. Some authors assume the coagulant activity is mainly car-
ried by factor Xa (6). It has also been claimed that the efficacy of APCC is related to
the high content of factor IX or factor IXa (5). It has also been suggested that factor
VlIIa could by itself exert bypassing activity in patients with inhibitors (3). On the
other hand it has been shown that free thrombin generation, at least in newborn
plasma, exclusively depended on prothrombin concentration (1). Therefore, we
investigated the respective roles of factors II, VII, IX, and X in the procoagulant
activity of FEIBA after extrinsic activation of plasma.

Materials and Methods

Nine parts of blood were collected into one part of 0.1 molar citrate using a two
syringe technique. Blood was taken from healthy volunteers who were not using
drugs known to affect the coagulation system. To obtain platelet-poor plasma (PPP)
blood was centrifuged at 3000xg for 15 min. Two hundred microliters of PPP was
incubated with 20 pul GPRP dissolved in phosphate buffered saline (final concentra-
tion of GPRP: 4 mM) and 15 pl Tris-buffer and incubated at 37°C while stirring. To
investigate the effect of FEIBA on thrombin generation Tris-buffer was supplement-
ed with FEIBA to give a final concentration of 0.5 U FEIBA/ml PPP.

The contents of factors II, VII, IX and X were decreased by using immobilized
sheep anti-human antibodies, coupled to agarose. Plasmas were activated by the
addition of 200 pl Thromborel S.

For the determination of free thrombin generation at timed intervals samples
were removed from the activated plasma into 300 pl substrate solution (containing
50 mM Tris-HCl, 175 mM NaCl, 0.5 mg human serum albumin/ml, and

1. Scharrer/W. Schramm (Ed.)
31t Hemophilia Symposium Hamburg 2000
© Springer-Verlag Berlin Heidelberg 2002




Respective Roles of Factors IL, VII, IX, and X in the Procoagulant Activity of FEIBA 111

0.22 mM S-2238). After 5 min, 250 pl of 50% acetic acid (v/v) was added, and the
absorbency was measured against a blank at 405 nm.

Results

Thrombin generation curves in the absence and presence of FEIBA, before and after
the reduction of factors II, VII, IX, and X are shown in Figs. 1-4. The addition of
FEIBA elicited thrombin generation to a significant extent.

The reduction of factor II concentration in FEIBA containing plasma (from
160% to 92%) and in normal plasma (from 90% to 52%) resulted in a significant
decrease in free thrombin generation (Fig. 1) without influencing the lag phase until
the onset of free thrombin generation (clotting time).

140 1
120 1 o-90% Il
2-160% |l (+F)
100 - -=-52% |l (-1l
[v) -
2 801 -4-92% Il (+F, -II)
2 60 1
40 -
20 1 |
0 - )
0 50 150 300 500 700
Fig.1 time, sec
140 -
120 A -+ 70% VI
= 190% VIl (+F)
100 - -= 10% VII (-VII)
-+ 90% VIl (+F, -VIi)
X 80~
[}
= 60 -
40 ~
20 ~
0 T T T T T T T T T T T T T T T T T 1
0 50 150 300 500 700
Fig.2 time, sec

Figs. 1~4. Thrombin generation curves in control plasmas (open squares), in control plasmas
after reduction of factor II, VII, IX or X (closed squares), in plasmas containing FEIBA (open
triangles), and in plasma containing FEIBA after reduction of factor II, VIL IX or X (closed tri-
angles)
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The reduction of factor VII concentration in FEIBA containing plasma (from 190%
to 90%) and control plasma (from 70% to 10%) showed no effect on free thrombin
generation (Fig. 2). Factor VII reduction in control plasma resulted in a significant
prolongation of the clotting time.

The reduction of factor IX concentration in FEIBA containing plasma (from
165% to 83%) and control plasma (from 75% to 5%) and the reduction of factor X
concentration in FEIBA containing plasma (from 167% to 116%) and control
plasma (from 91% to 43%) showed no effect on free thrombin generation or on
clotting times (Figs. 3, 4).

Summary
Our study demonstrates that under our experimental conditions free thrombin

generation critically depends on factor II concentration. This observation was true
for control plasmas and plasmas containing FEIBA. Changes in factor VII concen-
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tration influenced the clotting time, at least in control plasma, but not the amount
of free thrombin generated. Changes in concentrations of factors IX and X had no
influence on free thrombin generation or clotting times. Considering that factor II
concentrations are normal in hemophilic patients with inhibitors, and that free
thrombin generation might reflect hypercoagulability to some extent, our results
suggest that the factor II content of APCC might contribute to its observed spon-
taneous clotting activity. Whether changes in factor II concentration might also
influence the hemostatic properties of APCC cannot be answered by our experi-
ments.
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Capillary Microscopic and Rheological Dimensions
for the Diagnosis of von Willebrand Disease in Comparison
with other Hemorrhagic Diatheses

J. KOSCIELNY, S. MORSDORF, C. MROWIETZ, H. KIESEWETTER, U. BUDDE,
U.T. SEYFERT, E. WENZEL and F. Jung

Introduction

There are numerous casuistic reports of angiodysplasia in the large vessels (macro-
circulation), especially in the gastrointestinal system in patients with von
Willebrand disease (vWD).

Also macroscopic telangiectasia quite comparable to the Morbus Osler were
found and impressively described [1, 2].

Early findings of previous studies showed variations in the system of the smal-
lest vessels (microcirculation) in skin [3, 4]. In 1953 O’Brien [3] called it familiarly
capillary fragility or a diffuse capillary telangiectasia (Fig. 1). A systematic and
quantified examination of the abnormalities within the microcirculation was
impossible in those days due to the fact that there were only microscopes with no
online documentation or devices for analyzing pictures. In 1961 Blackburn [4]
described capillary skin bleedings as a further abnormality of microcirculation,
especially in vWD, using the microscopes of his time. After the early sixties the
microcirculation in vWD did not attract much attention.

We were already able to differentiate between healthy individuals and patients
with vWD [5, 6, 7]. The first video capillary microscopy assisted systematic quanti-
fication of the microangiopathy in patients with vWD, especially with type 1 vWD,
was done in the nailfold capillaries.

Whilst disorders of single coagulation factors of the plasmatic system and/or
thrombocytic defects can quickly be diagnosed, more elaborate work is required for
vWD, especially for the more common light to middle-heavy cases based on the
predominant intra- and interindividual variance of the laboratory parameters [8].
Nowadays state of the art video capillary microscopy combined with systems to
analyze the pictures is a well accepted method in angiology for describing the state
of microcirculation. We now raise the question of whether video capillary micro-
scopy is able to improve our diagnostic spectrum concerning VWD, the hemor-
rhagic diathesis with the highest incidence in the population [9, 10]. Hemorrheo-
logical measurements for the screening of hemorrhagic diatheses were used in the
past only sporadically.

The present prospective study examined whether patients with vWD differ from
patients with other hemorrhagic diatheses by using intravital video capillary
microscopic methods. Initially a single parameter analysis is used to determine the
microcirculating and hemorrheologic variables. To optimize the selectivity a follow
up multiparameter analysis is performed.

I. Scharrer/W. Schramm (Ed.)
31 Hemophilia Symposium Hamburg 2000
© Springer-Verlag Berlin Heidelberg 2002
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Fig. 1. O’Brien, 1953 (6): abnormal capillaries in patient severely affected with familial capil-
lary fragility (vWD)

Materials and Methods

Patients

All patients gave their informed consent to participate in the study, which was
approved by the local Review Board. To include different clinical types of hemor-
rhagic diatheses and a control group of healthy subjects (n=100), patients expres-
sing the following disorders have been examined: vWD (n=100), thrombocytopathy
(n=122); congenital (n=8: one Bernard-Soulier-syndrome, one thrombasthenia, six
storage pool diseases) and acquired: (n=112: 49 drug induced during continuous
medication - acetylsalicylacid, ticlopidine, diclofenac, clopidogrel - 26 caused by
uremia, 37 cases of hepatopathies), thrombocytopenia with an average of 58,000 +
20,000 platelets per pl (n=101: 34 caused by uremia, 32 cases of hepatopathies, 18
chronic autoimmune thrombocytopenia, 17 myeloproliferative syndromes), severe
hemophilia A (n=50), severe hemophilia B (n=20), hereditary dysfibrinogenemia
with clinically proven bleedings (n=22) and patients under continuous oral antico-
agulation therapy with phenprocoumon (INR: 2.5+1.1) (n=112; indications for anti-
coagulation: 58 mechanical heart valves, 18 atrial fibrillation after cerebral ische-
mia, 11 protein-C-deficiency type I with recurrent thromboembolism, 8 protein-S-
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deficiency type I with recurrent thromboembolism, 5 antithrombin-deficiency type
IIb with recurrent thromboembolism, 4 protein-S-deficiency type II and heterozy-
gous mutation in coagulation factor V Leiden with recurrent thromboembolism, 8
antiphospholipid-syndrome with recurrent thromboembolism). At the time of the
examination there was no acute bleeding in any of the groups.

The diagnosis of the vWD was according to the subtype of the Scientific and
Standardization Committee of the International Society on Thrombosis and
Hemostasis [11] referring to the multimeric [12]. Ninety-two of the vWD-patients
showed a type 1 (definite type 1 vWD: 78 and possible type 1 vWD: 14) and eight
patients a type 2 A. The bleeding time (surgicutt) of the vWD-patients was pro-
longed with an average of 8 min 30 s (+ 2 min 10 s). The vVWF:Ag was 36122%, the
vWEF: RCof was 40+14%, the Factor VIII-activity was 68+17% and the aPTT was
4016 s. The average duration of the disease or the time since the disease was dia-
gnosed was 8 + 3 years. The patients’ history of having the vWD can be considered
as being longer or even since birth. Clinical inspection revealed no pathologic
findings. The patients came to the department for preoperative diagnosis or they
came for routine controls. Table 1 represents the demographic and clinical data.

Collection of Blood

The blood samples for the analysis of hemostasiologic and rheologic parameters
were standardized and venipuncture was performed at the cubital vein without any
compression in a sitting position [13]. The rheologic parameters were measured
within a 2-h period [14].

Coagulation Assays

The bleeding time was measured with the surgicutt system [15]. The combined
measurement of hemoglobin, RBC, WBC, hematocrit, RBC-indices and PC, was
carried out thanks to an automated hemoanalyzer system (Coulter Counter).

The induced platelet aggregation were carried out according to Born and Gross
[16]. The partially activated thromboplastin time (aPTT) was measured after
adding phospholipid-components and an activator [17]. The factors of activity VIII
and IX were measured with a single phase test using deficiency plasma as a modi-
fied partial thromboplastin time procedure [17]. Factor VIII associated antigen
(VWEF: Ag) was measured according to the Laurell procedure [18]. The ristocetin
factor (vWF: RCof) was determined according to the Mac Farlane procedure [19].
Reagents were used from Dade Behring. The multimeric was carried out according
to the Budde procedure [12] and the subtype classification of the subcommittee on
the von Willebrand factor of the Scientific and Standardization Committee of the
International Society on Thrombosis and Hemostasis [11].

The fibrinogen concentration was measured according to a Clauss method as a
variant of the thrombin time determination [20]. The PT, the thrombin time and
reptilase time were measured coagulator with reagents from Dade Behring [21].
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Hemorrheological Measurement Dimensions

The hematocrit was measured with the impedance device determining the Ohm’s
fraction of an alternating current resistance. The variation coefficient was 0.4% in
sequence and 2.4% from day to day [14, 22].

Plasma viscosity describing the internal friction or viscosity of blood plasma
was a proportional constant. It was determined after centrifugation of venous blood
at 1500 revolutions over 5 min by a capillary viscosimeter [23] and calculated from
the quotient of shear stress and shear degree. Method of measurement, quality
control and the reference ranges (1.19-1.29 mPas) are described in [23]. The varia-
tion coefficient amounted to 1.14% in sequence and from day to day 1.8%.

The erythrocyte aggregation was a reversible connection of red blood cells,
physiologically conglomerating to form so called coin rolls and clumping in certain
pathological cases. Measurement method, reference range (8-21) and implemen-
tation of quality control are described in [22]. The variation coefficient was 5.2% in
sequence and 7.1% from day to day.

Video Capillary Microscopy

The complete system that was used contains the following items: a brightening
microscope with ACM tripod (Company C. Zeiss), an optovar 1.0-2.0 (for a rapid
alteration of the extension), a so called cold light source with a green filter (useful
for the long wave length of the hemoglobin absorption with approximately 560 nm
to have a clear contrast between red blood cells and tissue samples) and a heating
filter in order to minimize the warming up of the fingers. A video camera with
Newvicon-tubes (Panasonic WV 1550/G), a video timer (to insert a date and a timer
with 1/100 seconds-display) a three quarter inch video recorder and a monitor were
also used [24].

Depending on the optovar adjustment a final magnification of 1:285 to 1:570 can
be achieved. The hand but also the foot to be examined were fixed on an object table
heated to 29°C, the measuring place was prepared using ultrasound gel and immer-
sion gel. The capillary density of the first range per mm of the epidermis edge, the
diameter of the capillary, the torquation of the capillary as well as the present extra-
vasal blood cells of a bleeding-band were examined. The mean erythrocyte velocity
in the nailfold capillaries (in the venolar and arteriolar branch) and the progression
of the reactive hyperemia after a 3-min arterial occlusion of the ipsilateral arm were
measured to determine the dynamic parameters for the quantification of the
capillary circulation. The method and the measuring procedures are described in
[24], the biological influence factors and the variation of periungual video capillary
microscopy are described in [25]. The erythrocyte velocity was measured by inter-
active video recording using a picture analyzer system »Cap Image« (Company
engineer’s office Zeintl, Heidelberg) on Pentium 166 with an image processing card
(Company Matrox) [26]. The evaluation was done according to the recommen-
dations of the working group: »Clinical Video Capillary Microscopy« [27]. The
reference ranges were given: venolar diameter: 7.0-15.9 pm; arteriolar diameter:
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5.3-12.0 pm; torquation index: 0-3; bleeding-bands/extravasates (capillary
bleedings): 0; arteriolar capillary RBC-velocity: 0.39-0.81 mm/s; venolar capillary
RBC-velocity: 0.31-0.71 mm/s; duration of reactive hyperemia after 3 min of
ischemia: 180~300 s. [24, 25].

Statistics

The test on normal distribution was carried out according to Kolmogoroff-Smirnov
[28]. Normally distributed spot checks were described with the mean value (mv)
and the standard deviations (s) with mv+s, abnormal spot checks are described
with median (md) and percentiles (2.5%-percentile and 97.5%-percentile) in the
following manner: md (2.5%-p/97.5%-p). The specificity, the sensitivity and the
predictive value are shown in 29. For the consideration of several parameters, the
evaluation of the predictive value can be extended (equation 1). With this method a
predictive value [p(K/Tj)] of a combination parameters (n=j) (a so-called symptom
complex) can be measured for the existence of the vWD [29].

Equation 1:

p(K) = | 1-p(tj/k)
1-p(K) j=1 | p(Tj/K)
The statistical comparison of samples was performed using the Wilcoxon-Mann

and Whitney test [28]. A difference was assumed, if a P-value fell below 0.05 (»Stat
View-program 4.5«). A Bonferoni adjustment of P-values was done.

p(K/Tj) = 1[ ]

Results

Patients with vWD (n=100; 92 type 1: definite type 1 vWD and 78 possible type 1
vWD: 14; 8 type 2 A) had in comparison with patients with other hemorrhagic dia-
theses: thrombocytopathy (n=122), thrombocytopenia (n=101), severe hemophilia
A (n=50) and severe hemophilia B (n=20), hereditary dysfibrinogenemia (n=22),
oral anticoagulation with phenprocoumon (n=112) and apparently healthy subjec-
ts (n=100) a significantly increased capillary torquation (median: 3.5), a venolar
and an arteriolar capillary dilatation (median: 16.5 pm; median: 15.1 pm respec-
tively) and the highest level of microscopic bleedings (extravasates) with 40% in the
video capillary microscopy as morphological changes (Table 2).

Compared with all other collectives the average diameters of the venolar and
arteriolar capillaries were significantly (P<0.001 to P<0.05) larger in patients with
vWD. The thrombocytopathy, thrombocytopenia, hemophilia A and B and the oral
anticoagulation were comparable in the capillary diameter (arteriolar and venolar)
of healthy persons (median: 11.5 pm; median: 8.9 um respectively). The congenital
dysfibrinogenemia showed as well in patients with vWD a raised level of venolar
dilatation (median: 14.5 pm) and an arteriolar capillary diameter comparable to a
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healthy person. The mean torquation index of patients affected with vWD was
significantly larger than for all the other collectives (P<0.001 to P<0.01). In the
other hemorrhagic diatheses there was just a slight difference in the torquation
index with a comparable range (2,5 and 97,5% percentile) to healthy persons.

The amount of capillary bleedings (extravasates or bleeding-bands) was signifi-
cantly higher in patients with vWD compared with all other collectives (P<0.001 to
P<0.01). Extravasates were found in the other hemorrhagic diatheses with a lower
frequency between 4% (thrombocytopathy) up to 13% (oral anticoagulation), in
healthy persons no bleeding-bands were found. No significant differences were
shown in the eight patients with type 2 A (vWD) compared with patients with type
1 (vWD) and in the total group of patients with vYWD concerning the morphology
of the capillaries. Extravasates were present in four of eight patients (total group
with vWD: 40%), the median of the torquation index was 3.8 (total group with vWD:
3.5), the median diameter of the venolar capillaries was 16.2 pm (total group:
16 pm). The capillary density was comparable in all collectives and had an average
of between 10.3 and 11.1 capillaries per mm. Differences between the collectives did
not appear (these data are depicted in a description).

In Fig. 2a the increased torquation as well as the dilatation of arteriolar and
venolar capillary density for a patient with vWD can be seen (magnification 1:285).
In comparison, Fig. 2b shows the capillary bed of a clinically healthy subject
(magnification 1:570). In Fig. 3, extravasal blood cells (extravasate) in the peri-
capillary area for a patient with vWD (magnification 1:570) are shown.

Table 2. Capillary morphological parameters for patients with hemorrhagic diathesis in com-
parison with healthy subjects (median, the 2.5 and 97.5% percentile as well as the percentages
are listed) (Dven venolar capillary diameter, Dart arteriolar capillary diameter, TT torquation
index, AC anticoagulation)

Dven Dart TI extravasates
bleeding-bands
(pm) (um) =) (%)
YWD (n=100) 16.5 (11.4/27.2) 15.1 (10.3/22.4) 3.5(1.9/11.4) 40
Thrombocytopathy  10.0 (7.0/13.0)*** 8.1 (5.0/9.4)*** 2.3 (0.5/3.8)** 6***
(n=122)
Thrombocytopenia  10.6 (7.5/13.8)*** 7.7 (5.0/9.4)** 1.6 (0/5.0)**  4***
(n=101)
Hemophilia A 12.8 (8.0/17.0)** 9.2 (6.5/12.5)** 1.8 (0/3.5)*** 6***
(n=50)
Hemophilia B 11.9 (7.0/18.0)*** 8.0 (6.0/11.7)** 1.3 (0/3.0)*** 5%**
(n=20)
Dysfibrinogenemia  14.5 (7.5/19.9)* 10.4 (7.3/15.8)** 1.5 (0/3.6)F** 9t**
(n=22)
Oral AC (n=112) 12.9 (8.0/17.5)** 9.9 (6.1/13.0)** 2.0 (0/4.2)** 13**
Healthy subjects 11.5 (7.0/16.9)*** 8.9 (5.3/12.0)** 1.6 (0/5.0)%** (***
(n=100)

*4*P<0.001, **P<0.01, *P<0.05; Bonferoni adjusted
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Fig. 2a, b. a Increased torquation as well as capillary ectasia in a patient with vVWD (age:
32 years, height: 177 cm, weight: 72 kg), magnification: 1:285. b For comparable reasons a
capillary bed of a clinically healthy subject (age: 35 years, height: 172 cm, weight: 68 kg),
magnification: 1:570

Table 3 gives an overall view of the capillary dynamic measuring values for patients
with hemorrhagic diatheses, particularly with vWD, in comparison with healthy
subjects. The mean red blood cell velocity in the arteriolar and venolar capillaries
was within the group of patients with vWD significantly higher, within the group of
patients with thrombocytopathy (P<0.01, P<0.05), patients with thrombocytopenia
(P<0.05, P<0.01) and in the group of patients with dysfibrinogenemia (P<0.01,
P<0.001) it was also significantly higher. There was no significant difference com-
paring patients with hemophilia A and B, the group of patients under oral anti-
coagulation and a healthy control group. In patients with vWD the duration of a
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Fig. 3. Extravasal blood cells in the pericapillary region in a patient with vWD (ages: 37 years,
height: 168 cm, weight: 66 kg) (8), magnification: 1:570

Table 3. Capillary dynamic parameters (red blood cell velocity in the arteriolar and venolar
capillaries, duration of reactive hyperemia) in patients with hemorrhagic diatheses in com-
parison with healthy subjects (median, the 2.5% and 97.5% percentile are listed) (Vven venolar
capillary RBC velocity, Vart arteriolar capillary RBC velocity, DrH duration of reactive hyper-
emia after 3 min of ischemia, AC anticoagulation)

Vart (mm/sec) Vven (mm/sec) DrH (sec)

WD (n=100) 0.56 (0.25/1.0) 0.51 (0.22/0.96) 150 (90/240)

Thrombocytopathy (n=122) 0.37 (0.21/0.56)** 0.30 (0.09/0.55)* 140 (80/180) n.s.
Thrombocytopenia (n=101) 0.37 (0.13/0.61)* 0.24 (0.11/0.59)** 120 (60/190) n.s.
Hemophilia A (n=50) 0.61 (0.39/0.81) n.s.  0.53 (0.38/0.89) n.s. 220 (180/280)**
Hemophilia B (n=20) 0.65 (0.54/0.82) n.s. 0.55 (0.45/0.68) n.s. 240 (180/300)**
Dysfibrinogenemia (n=22)  0.18 (0.10/0.30)** 0.12 (0.06/0.23)*** 120 (90/150) n.s.
Oral AC (n=112) 0.49 (0.19/0.78) n.s.  0.42 (0.19/0.64) n.s. 170 (90/180) n.s.

Healthy subjects (n=100) 0.65 (0.23/1.10) n.s.  0.59 (0.18/1.14) n.s. 240 (180/300)***

P <0.001, **P<0.01, *P<0.05, n.s. not significant; Bonferoni adjusted
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reactive hyperemia (median: 150 s) was significantly reduced compared with
patients with hemophilia A (P<0.01), hemophilia B (P<0.01) and a healthy control
group (P<0.01): this was the only dynamic change. The duration of the reactive
hyperemia was also reduced in the thrombocytopathy (median: 150 s), the throm-
bocytopenia (median: 120 s), the dysfibrinogenemia (median: 120 s) and in patients
with an oral anticoagulation (median: 170 s).

In Table 4 the measuring dimensions of the blood fluidity for patients with
hemorrhagic diatheses and for healthy patients are described. The hematocrit was
significantly (P<0.05) reduced compared with patients with vWD (median: 42%)
and in the group of patients with thrombocytopenia (median: 37%). All other
hemorrhagic diatheses and (in) healthy persons did not differ compared with
patients with vWD. Within in the 1-s-range the plasma viscosity was significantly
reduced only in patients with vWD (median: 1.20 mPas). The plasma viscosity was
significantly higher in all other groups of patients (P<0.001 to P<0.05).

The group of eight patients with type 2 A (WD) showed no differences in com-
parison with the patients with type 1 (vWD) and also in comparison with the total
group of patients with vWD in terms of plasma viscosity (median: 1.19 mPas; total
group with vWD: 1.20 mPas).

In the group of patients with thrombocytopenia (median index: 19.2; P<0.05)
and in patients with dysfibrinogenemia (median index: 28.5; P<0.01) the
erythrocyte aggregation was significantly higher compared with patients with vWD
(median index: 10.2). This tendency can also be seen in the group of patients with
a thrombocytopathy (median index: 18.1; n.s.). The hemophilia A and B patients,
the group of patients with oral anticoagulation, and the group of healthy persons
did not differ in erythrocyte aggregation from patients with vWD.

The capillary morphology, especially the arteriolar and venolar dilatation of the
capillaries, the extravasates, the higher grade of capillary torquation (dysplasia) and
the hypoplasmaviscosity (1-s-range) showed the highest rate of sensitivity to the
vWD (75%, 65%, 40%, 80%), the specificity was also fairly high (74%, 85%, 88%,

Table 4. Parameter of blood fluidity (hematocrit, plasma viscosity, erythrocyte aggregation) in
patients with hemorrhagic diatheses in comparison with healthy controls (median, the 2.5%
and 97.5% percentile are listed) (Hct hematocrit, PV plasma viscosity, EAI erythrocyte aggre-
gation index, AC anticoagulation)

Hct (%) PV (mPas) EAI (-)
vWD (n=100) 42 (37/46) 1.20 (1.14/1.24) 10.2 (7.2/13.2)
Thrombocytopathy (n=122) 38 (32/45) n.s. 1.36 (1.28/1.48)** 18.1 (12.0/22.3) n.s.
Thrombocytopenia (n=101) 37 (28/44)* 1.38 (1.26/1.50)** 19.2 (12.9/24.1)*
Hemophilia A (n=50) 40 (35/45) n.s. 1.23 (1.19/1.29)* 9.0 (5.2/13.1) n.s.
Hemophilia B (n=20) 41(35/47) n.s.  1.25(1.20/1.30)* 11.2 (7.2/14.9) n.s.
Dysfibrinogenemia (n=22) 45 (38/50) n.s. 1.48 (1.44/1.51)***  28.5(21.5/35.5)**
Oral AC (n=112) 39 (34/44) n.s.  1.34 (1.21/1.48)** 14.5 (9.1/19.8) n.s.
Healthy subjects (n=100) 43 (39/48) n.s. 1.24 (1.19/1.28)* 8.9 (4.1/13.7) n.s.

*4+P<0.001, **P<0.01, *P<0.05: not significant, Bonferoni adjusted
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Fig. 4. Specificity, sensitivity and predictive value for the vWD in relation to the capillary mor-
phological and dynamic dimensions, hemorrheological dimensions (grey background:
dimensions with high sensitivity)

93%). For these parameters the predictive value for the vWD had a range between
39% and 56% (Fig. 4).

One of these parameters alone does not have a sufficiently high predictive value,
although the sensitivity is quite high.

The dynamic parameters of the capillaries, the capillary red blood cell velocity
(arteriolar and venolar) and the duration of the reactive hyperemia along with
further hemorrheologic parameters, the hematocrit and the aggregation of the red
blood cells showed a very low sensitivity, a very low predictive value and a lower
specificity. These parameters are not appropriate for a screening procedure in order
to differentiate the vWD from other hemorrhagic diatheses.

The overlapping of the distribution concerning the examined variables for the
different symptoms of hemorrhagic diathesis, is the essential cause of the dia-
gnostic selectivity. By using a combination of several tests there is a possibility of
increasing sensitivities and positive predictive values for the different diseases. The
requirements for the validity of such a combination are:
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1. Independence of the test
2. Parallel application of the test (30)

Both premises are given in the present case. By using the Bayes-theorem (when the
single value is known) the sensitivity and the positive predictive value for a vWD
was calculated by a combination of several variables (equation 1 in the chapter
statistics). What is striking for patients with vWD is the capillary morphology.
A combination of these dimensions are seen in the following form (combination 1):
1. Torquation index (TI >3.5)

2. Venolar capillary diameter (Dven >16.0 pm)

3. Extravasates and/or bleeding-bands (capillary bleedings >0%)

This reaches a positive predictive value of 98% (prevalence 37%) for patients with
vWD as compared with other patients with hemorrhagic diathesis. Furthermore, a
very high predictive value was obtained when the plasma viscosity (PV), less than
1.25 mPas, was taken into consideration (combination 2): the positive predictive
value increased to around 99% (prevalence 28%).

Discussion

First O’Brien and Blackburn described the morphological alteration in the area of
cutaneous microcirculation (Fig. 1) for patients with vWD [3, 4], but did not carry
out a quantitative analysis. Since then no systematic examination of microcirculati-
on in patients with vWD has been carried out.

Due to the constant follow up of numerous patients with vWD (proven with
laboratory diagnostic tools and clinically assured) the question that has been raised
since 1991 is whether and in which shape a cutaneous microangiopathy exists for
patients with vWD in comparison with patients with other hemorrhagic diatheses
or healthy individuals [5, 6, 7]. The earlier described capillary alteration for patients
with vWD (types 1 and 2 A), thanks to the present examination, could be confirmed
and quantified. The morphology changes of the capillaries, especially with capillary
dilatation (median: 16.5 pm), extravasates (microscopic bleedings - median: 40%)
and a higher grade of torquation (dysplasia - median index: 3.5) of the nailfold
capillaries, have neither been seen in healthy individuals nor in patients with other
hemorrhagic diatheses who came for consultation at our hemostasiological out-
patients clinics [31, 32, 33, 34, 35, 36].

The thrombocytopathy, thrombocytopenia, hemophilia A and B as well as
patients with oral anticoagulation were comparable with a healthy control group
(median: 11.5 pm; median: 8.9 pm), in terms of the arteriolar and venolar capillary
diameter only the congenital dysfibrinogenemia showed a venolar dilatation
(median: 14.5 pm). Microscopic bleedings appeared with much less frequency in the
other hemorrhagic diatheses compared with the vWD (types 1 and 2 A), with a
range between 4% (thrombocytopathy) and 13% (oral anticoagulation). The
dilatation and torquation (dysplasia) of the capillaries, as well as already existing
microscopic bleedings, did not change after the administration of DDAVP and con-



126 J. Koscielny et al.

centrates of clotting factors. The administration of DDAVP and concentrates of
clotting factors can prevent any new appearance of microscopic bleedings. In
patients with a type 2 A of the vWD compared with patients with a type 1 of the
vWD and the total group of patients with vWD no significant differences in terms
of morphology of capillaries and plasma viscosity was found.

The capillary red blood cell velocity (arteriolar and venolar) did not differ be-
tween the vWD (types 1 and 2 A), hemophilia A and B, oral anticoagulation and a
healthy group. Quite noticeable is the significant reduction of the arteriolar and
venolar capillary red blood cell velocity as well as the reduced duration of reactive
hyperemia in patients with thrombocytopathy and thrombocytopenia. This could
be due to the high number of patients with atherogenic risk factors, among them
clinically important angiosclerosis, and in patients with dysfibrinogenemia due to
the extreme hyperplasmaviscosity (median: 1.48 mPas) combined with a higher
grade of the erythrocyte aggregation (median index: 28.5). The only dynamic
change in the vWD (types 1 and 2 A) compared with the hemophilia A and B
patients as well as with a healthy group is a significant reduction of the duration of
areactive hyperemia (median: 150 s). This could be a hint as to the loss of flexibility
in the precapillary vessels, which are responsible for the hemodynamic resistance.
A possible result could be the frequent perivasal (microscopic) bleedings in the
vWD. There are no pathological findings of rheological parameters in patients with
vWD (types 1 and 2 A). All evaluated rheological data were within the normal
reference range; 80% of the patients with vWD (types 1 and 2 A) even showed
plasma viscosity at the lower level of the reference range (values below 1.25 mPas;
1-s-range). A change of von Willebrand factor activities could enhance an increase
in shear stress within the blood plasma.

The morphology changes of the capillaries, especially with capillary dilatation,
extravasates and a higher grade of torquation (dysplasia) of the nailfold capillaries
along with the hypoplasmaviscosity are most sensitive for the vWD (75%, 65%,
40%, 80%) with a fairly high specificity (up to 93%). In comparison with patients
with other hemorrhagic diatheses definite signs for a good positive predictive value
(ppv between 98% and 99%, with reference to the used measured value of sensi-
tivity-analysis) can be elaborated. If the obtained capillary microscopic data of the
patients with diabetes type I and type II and of the patients with arterial hyper-
tension class I until IIT according to the WHO criteria [37, 38, 39] are used for
multiparameter analysis, the positive predictive value for the presence of vyWD
would remain unchanged. A connection between these diseases and the changes of
the capillaries can be excluded.

Until now the cause of these capillary alterations in patients with vWD (types 1
and 2 A) remains unclear. Capillary bleedings can be caused by reduced endo-
thelial- and most probably also by reduced endothelial cellular matrix bounds. The
capillary dilatation infers local destruction of the extracellular matrix also revealing
the growth factor b-FGF with Heparansulfate proteoglykane (b-FGF-HSPG) [40].
Thrombin has the capacity to remove endothelial cellular bonds, to reduce the
matrix and to release growth factors with their different functions from the matrix
[40]. This chain of observed changes in the morphology within the ungual area in
patients with vWD could be based on a different binding of the thrombin to the von
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Willebrand factor. Proven results for this hypothesis are not yet available and will be
the subject of further studies.

As a conclusion of this work it seems reasonable to discuss the introduction of
video capillary microscopy as a possible extension of the differential-diagnostic
spectrum as a screening test for hemostasiological and angiological centres.

In principle the results of video capillary microscopic examination are reliable
and reproducible [5, 25]. Video capillary microscopy could be performed to dis-
tinguish a patient with a hemorrhagic diathesis from someone with vWD (types 1
and 2 A). In particular the quickly performed assessment of the capillary morpho-
logy, with its changes in capillary dilatation, its fresh or old capillary bleedings
(extravasates and/or bleeding-bands) and the presence of capillary torquations is,
according to the estimated results, highly predictive for the presence of vWD (types
1 and 2 A). This screening, under fast optical view diagnosis could help in emer-
gency situations in order to ascertain the required further tests and the therapy.

Due to the limited number of cases, the question between the different types of
VWD, in particular type 2B, 3 and acquired forms, in comparison with type 1,
remains still unanswered.
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Evaluation of Denaturing High Performance Liquid
Chromatography (DHPLC) in the Analysis of Hemophilia A

J. OLDENBURG, O. EL-MAARRI, V. IVASKEVICIUS, S. RosT, B.H.F. WEBER
and R. SCHWAAB

Introduction

Hemophilia A is the most common severe bleeding disorder in humans, affecting
one in 5000 male newborns. The phenotype is due to deficiency or absence of co-
agulation factor VIII:C caused by deleterious mutations in the factor VIII (FVIII)
gene. Affected individuals develop a variable degree of hemorrhage predominantly
into joints and muscles with the severity and frequency of bleeding symptoms cor-
relating well with the residual factor VIII activity in blood plasma. About 50% of the
patients exhibit a severe phenotype while 10% show a moderate and 40% a mild
expression of the disease [1]. The replacement of human factor VIII derived from
plasma or from recombinant sources is the treatment of choice in this disorder. The
major complication of this therapy is the development of antibodies against exo-
genous factor VIII, rendering therapy ineffective.

The FVIII gene maps to the distal end of the long arm of the X-chromosome at
Xq28 and spans 186 kb of genomic DNA. It consists of 26 exons [2,3] encoding a
mature protein of 2332 amino acids. One large exon, exon 14, covers about 40% of
the coding sequence and encodes the B domain that is not essential for FVIII-
activity [4]. Intron 22 contains two more genes, designated F8 A and F8B, with so far
unknown functions [5,6].

Mutation analysis in the factor VIII gene is valuable with regard to both genetic
counseling and medical care of affected families. An important issue in genetic
counseling is the determination of the risk of recurrence, in particular given the
high frequency of de novo mutations [7]. This is complicated by the high mortality
from blood borne viruses in previous years which has often led to a situation where
an index patient is not available for genetic diagnosis [8,9]. In these instances, it is
necessary to directly genotype potential carriers without prior knowledge of the
mutation, a situation in which the test sensitivity is of critical importance. For
patient care, knowledge of the genotype is helpful as it facilitates the prediction of
risk of anti-FVIII antibody development [10]. In the future, this knowledge will
become a precondition for entering gene therapy programs [11].

In recent years, the heterogeneity and size of the FVIII gene have hampered
mutation testing in hemophilia A patients. In 1991, the first systematic analysis of
the complete coding sequence of the FVIII gene was performed by applying
denaturing gradient gel electrophoresis (DGGE) after PCR amplification of indi-
vidual exons [12]. Notably, causative mutations were found in about 90% of non-
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severe hemophilia A [12] whereas molecular defects could be identified in only
60% of the more severely affected patients [13]. This discrepancy was resolved in
1993 when Naylor et al. (1993) [14] and Lakish et al. (1993) [15] discovered a pre-
valent intron 22 inversion between the F8 A region in intron 22 and one of two
homologous F8 A gene copies located about 300 to 500 kb at the telomeric end of
FVIIL This type of mutation was shown to account for most of the remaining
severe hemophiliacs and results in a true null allele by interrupting the gene be-
tween exon 22 and exon 23.

To date, additional screening methods such as single stranded conformational
polymorphism (SSCP), conformational sensitive gel electrophoresis (CSGE) and
chemical mismatch cleavage (CMC) have been applied to the factor VIII gene
[16-19]. Each of these methods has varying applicability and efficiency, however, all
suffer from incomplete detection rates in the range of 70-85%. In addition, each
places variable demands on the technical skills and time investment of the investi-
gator. Analysis of mRNA [20,21] reported a close to 100% detection rate, however
the technique failed to examine a considerable proportion of patients because of
poor quality of RNA preparation.

Recently, Oefner and coworker introduced a novel technique referred to as de-
naturing high performance liquid chromatography (dHPLC), a rapid and highly
sensitive method for the detection of single nucleotide changes [22,23]. To evaluate
this technique for the mutation analysis of FVIII, we have developed a detailed
dHPLC protocol for the assessment of 33 amplicons representing the entire coding
region and exon-flanking sequences. Two patient cohorts comprised of 156 hemo-
philia A patients with known mutations in FVIII and 27 hemophiliacs in whom the
mutations could not be determined by conventional DGGE analysis, were investi-
gated under this protocol.

Methods and Materials
Patients

In order to evaluate dHPLC for its efficiency of mutation detection in hemophilia A,
two groups of patients were investigated. One group represents 156 hemophilia A
patients with known FVIII gene mutations detected by DGGE and CMC (un-
published results). The second cohort of patients is comprised of 27 hemophiliacs
in whom no mutation could be detected in the FVIII gene by conventional mutation
analysis (unpublished results). All patients have been analyzed under our institute’s
established clinical diagnostic protocol which includes Southern blot hybridiza-
tions to test for the prevalent intron 22 inversion [15, 19] followed by DGGE and
CMC analysis performed according to previously described methods [17]. Blood
samples were received in the context of diagnostic testing from hemophilia clinics
and genetic counseling units throughout Germany.
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Denaturing High Performance Liquid Chromatography (dHPLC)

25 pl PCR reactions for each of the 33 fragments representing the entire coding
sequence of the factor VIII gene and including all splice acceptor and donor se-
quences were prepared using the primer pairs and PCR conditions given in Table 1.
Prior to PCR amplification, genomic DNA was diluted to 25-50 ng/25pl reactions to
avoid misleading DNA signals in the chromatographic elution profile. Equal volu-
mes of a 25p] PCR reaction product from the patient and a wild type control were
mixed, heated for 10 min. at 95°C and followed by incubation at 55°C for 10 min. to
allow for heteroduplex formation. Analysis of the heteroduplex and homoduplex
mixture was performed on a WAVE™ DNA Fragment Analysis System (Trans-
genomics, San Jose, USA). By this technique heteroduplices are separated from
homoduplices by ion-pair reverse-phase liquid chromatography according to their
differences in melting behavior. Partial heat denatured double-stranded DNA frag-
ments interact in a length- and sequence-specific manner with a non-porous
poly(styrene-divinyl-benzene) matrix (DNASer, Transgenomics, San Jose, USA).

Table 1. Primer pairs and PCR conditions for DHPLC analysis

Exon/ Sequence Length of Annealing

primer PCR amplicon temperature
(bp) 0

1F 5°- TTTGCTTCTCCAGTTGAACAT - 3° 208 53

IR 57- CGATCAGACCCTACAGGACA - 37

2F 5’- TTGAAGTGTCCACCAAAATGAACGACT -3° 211 54

2R 57’- GATACCCAATTTCATAAATAGCATTCA - 3°

3F 5’- GTACTATCCCCAAGTAACCTT - 3~ 204 54

3R 5’- CATAGAATGACAGGACAATAGG - 37

4F 5’- TACAGTGGATATAGAAAGGAC - 37 296 54

4R 5°- TGCTTATTTCATCTCAATCCTACGCTT - 3°

5F 5’- CCTCCTAGTGACAATTTCCTA - 37 188 54

5R 5°- AGCAGAGGATTTCTTTCAGGAATCCAA - 37

6F 5’- CATGAGACACCATGCTTAGCT - 37 224 54

6R 5’- AACTCTGGTGCTGAATTTGGAAGACCCT - 37

7F 57- CAGATTCTCTACTTCATAGCCATAG - 3~ 324 54

7R 5’- ATTAAAAGTAGGACTGGATA - 37

8F 5’- ATATAGCAAGACACTCTGACA - 37 338 54

8R 57- AGAGAGTACCAATAGTCAAA - 37

9F 5’- AGAGTTGGATTTGAGCCTACC - 3~ 284 54

9R 57- CAGACTTTTTCTTCTTACCTGACCTT - 3°

10F 5’- GGATTTGATCTTAGATCTCGC - 3° 204 53

10R 5’- ATTTTAGTTGTTATTGATGA - 3°

11F 5’- TTGAGCTATTTATGGTTTTG -3° 294 53

11R 5’- GACATACACTGAGAATGAA - 3’

12F 5’- GCATTTCTTTACCCCTTTCA - 37 230 54

12R 5°- CTTTATTCACCACCCACTG - 3°
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Table 1. Continued

Exon/ Sequence Length of Annealing

primer PCR amplicon temperature
(bp) (°C)

13F 5’- GATGTGTCTAAATCTCTTTTC -3° 261 54

13R 5’- ATATAATAACTAACCTGGGTTTTCCATC - 3°

14(I)F 5’- ATCTGTGTTATGAGTAACCA - 37 430 54

14(DR 5’- TCATATTTGGCTTCTTGGAG - 3°

14(I)F 5’- CATGGGCTATCCTTATCTGA - 3° 479 54

14(I)R  57- CATGAACTTTCTTGGCTAIT - 3°

14(IIF  5°- TCAAAGTTGTTAGAATCAGG - 3° 441 54

14(IMR  5°- ATTTTGTGCATCTGGTGGAA - 3°

14(IV)F  5”- GTCCAACAGAAAAAAGAGGG - 37 481 54

14(IV)R  5°- CTACATTTTGCC - 3°

14(V)F  5- CTGGCACTAAGAATTTCATG - 3° 429 54

14(V)R  5°- CCTTCTCATTGTAGTCTATC - 3°

14(V)F  5°- GAAACATTTGACCCCGAGCA - 3° 431 54

14(V)R  5- TTTTGGGCAAGTCTGGTTTC - 3°

14(VII)F 5°- CACATACAAGAAAGTTGAGA - 3 436 54

14(VII)R 5°- CTCATTTATTGCTGCTATTG - 3°

14(VIID)F 5°- GATACCATTTTGTCCCTGAA - 3° 415 54

14(VII)R 5°- ACAAGAGCAGAGCA - 37

15F 5’- CACCTAGGAAAATGAGGATGT -3° 300 53

15R 5°- ATAGTCAGCAAGAAAATAAA - 37

16F 5’- AAGATCCTAGAAGATTATTC - 3° 330 50

16R 5’- TTAGTACACAAAGACCATTT - 37

17F 5’- TGATGAGAAATCCACTCTGG - 3° 349 54

17R 5’- GTGCAATCTGCATTTCACAG - 3°

18F 5’- GTGGAATCCTCATAGATGTCA - 3° 312 53

18R 5'- GAGTAGGTAGAAGAAAGAGCAC -3°

19F 5- GCAAGCACTTTGCATTTGAG - 3° 305 52

19R 5’- AGCAACCATTCCAGAAAGGA - 37

20F 57- CCATTTTCATTGACTTACATTTGAG - 3 193 53

20R 5’- AGATATAATCAGCCCAGGTTC - 3°

21F 5’- GAATTTAATCTCTGATTTCTCTAC - 3° 168 53

21R 5'- GAGTGAATGTGAATACATTTCC - 37

22F 5'- AAATAGGTTAAAATAAAGTGTTAT 206 53

22R 5’- GACTAATTACATACCATTAAG - 37

23F 5’- CTCTGTATTCACTTTCCATG - 3° 250 54

23R 5’- ACAGTTAGTCACCCTACCCA - 3

24F 5"- GCTCAGTATAACTGAGGCTG - 3” 249 54

24R 5- CTCTGAGTCAGTTAAACAGT - 3°

25F 5’- AGTGCTGTGGTATGGTTAAG - 3° 323 56

25R 5- TTGCTCTGAAAATTTGGTCATA - 3°

26F 5°- CCAATAAATGCTATCTTTCCT - 3° 217 53

26R

5’- TGACGGCAGTGGCAGGTGCT - 3°
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Elution from the matrix is achieved by a linear acetonitrile gradient [22,23]. The
conditions for dHPLC were developed on the basis of exon-specific melting profiles
predicted by WAVE-MAKER™ software. Table 2 summarizes the main parameters
(temperature and acetonitrile gradient) established for the 33 fragments of the
factor VIII gene. To ensure optimal resolution of heteroduplices from known FVIII
mutations, the conditions for some amplicons were adjusted for temperature
(Table 2, in bold type).

Table 2. Temperatures and acetonitrile gradients given in % buffer B for each of the 33 frag-
ments of the factor VIII gene. Conditions written in bold type were added during the evaluati-
on procedure for DHPLC. T1, T2, T3, T4 = temperature 1,2, 3,4

Exon Temp. Acetonitrile Exon Temp. Acetonitrile
(°C) gradient (%B) (°C) gradient (%B)
1 T159 52-60 14(V) T159 56-64
T2 62 50-58
2 T157 53-61 14(V1) T159 58-66
T2 60 51-59
3 T1 60 52-60 14(V1D) T1 60 56-64
T2 65 52-60
4 T157 50-58 14(VIII) T160 56-64
T2 60 50-58
5 T157 48-60 15 T158 55-63
T2 60 52-60
6 T162 50-58 16 T157 54-62
T2 60 51-59
7 T156 55-63 17 T159 56-64
T2 59 54-62 T2 61 52-60
T3 61 51-59
8 T160 55-63 18 T158 54-62
T2 60 51-59
9 T157 51-59 19 T159 55-63
T2 59 51-59 T2 61 48-60
10 T157 51-59 20 T1 58 51-59
T2 60 48-56
11 T158 52-60 21 T1 58 50-58
T2 60 52-60 T2 60 50-58
12 T157 53-61 22 T157 52-68
T2 58 53-61 T2 58 52-60
T3 60 50-58 T3 60 52-60
T4 62 53-61
13 T159 55-63 23 T1 60 51-59
T2 60 51-59
14(1) T159 58-56 24 T160 53-61
14(11) T1 58 58-66 25 T157 56-64
T2 60 53-61
14(111) T157 58-66 26 T1 60 51-59
T2 65 49-57

14(1V) ‘T1 56 60-68
T2 60 52-60




Evaluation of Denaturing High Performance Liquid Chromatography 135

Results and Discussion
Sensitivity of dHPLC in Hemophilia A Patients with Known Mutations

A total of 156 different alleles representing missense mutations, small insertions
and deletions, as well as nucleotide alterations in the splice acceptor and donor sites
of the FVIII gene (Table 2) were analyzed by dHPLC following a protocol with empi-
rically established parameters for melting temperatures and elution gradients
(Table 3). All but six mutations IVS3+5G>C, exon 9: 1293G>T, exon 11: 1569G>T,
exon 12: 1804C>T, exon 21: 6193T>G, IVS21-8A>G were easily detectable as hetero-
duplex peaks, resulting in a detection rate of 96.2%. Subsequently, five of the
remaining six mutations were identified by adjusting the melting temperature for
each of the fragments (Table 3). Even after varying the melting temperatures over a
broad range (50°C - 64°C), the missense mutation 6193T>G (exon 21) remained
undetected. Taking together the initial and the optimized dHPLC analyses, a total of
56 injections are required for the 33 PCR fragments (Table 3), facilitating the detec-
tion of 155 out of 156 known sequence alterations in the FVIII gene and giving an
overall sensitivity of 99.6%.

The identification of small sequence alterations with dHPLC largely relies on the
sequence-related melting behavior of DNA domains which can be predicted using
computer algorithms (e.g. as provided by the WAVE MAKER program) but needs to
be verified experimentally. In Fig. 1a the melting profile of the exon 3 amplicon is
shown, suggesting an optimal melting temperature of 60°C. While nine different
sequence alterations could readily be identified at this temperature (Table 3), the
IVS3+5G>C alteration could not be resolved. Increasing the temperature to 65°C,
however, facilitated the resolution of a heteroduplex peak (Fig. 1b). All other con-
ditions did not reveal the presence of the sequence alteration, a finding that is some-
what unexpected considering the nature of the mutation (G>C). Figure 2a provides
a melting profile of the exon 9 amplicon. The mutation 1293G>T is located within a
low temperature melting domain and escaped dHPLC detection at the empirically
determined condition of 59°C. Lowering the melting temperature to 57°C clearly
improves the detection of the nucleotide change (Fig. 2b). As shown in Fig. 3a the
6193T>G mutation in exon 21 is located at the peak of a high temperature melting
domain. In addition, the nature of the nucleotide change (T>G) may further in-
crease the melting temperature of the heteroduplex fragment. Empirically, a melting
temperature as high as 65°C would be required to resolve a heteroduplex peak;
however this is not feasible as the DNA strands of the exon 21 amplicon are already
melted over its length at 64°C, rendering this mutation undetectable by dHPLC
(Fig. 3b).

The above examples illustrate some of the difficulties in establishing optimized
conditions for known mutations, difficulties that may be compounded when
unknown alterations are the target of analysis. Furthermore, the selection of these
known mutations was based on their previous detection by DGGE, a technique also
relying on the melting behavior of DNA fragments. This may have biased our
sample towards DNA variants particularly amenable to this type of analysis and
would lead to an overestimation of the dHPLC detection rate.
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Table 3. Nucleotide changes of 156 patients with known mutations in the factor VIII gene. The
position of the mutation is given by the exon number and the nucleotide number of the factor
VIII gene cDNA starting with the ATG codon that encodes the methionine of the factor VIII
signal peptide. The temperatures at which the mutations were identified are given in brackets
after each mutation. Mutations written in bold type were detected by the use of additional tem-
peratures; one mutation remained undetected

Exon  Nucleotide changes

1 2T>G (59,62), 48-50delCTG (59,62), 103T>C (59,62),121G>T (62)
2 202-207delACTCTG (57,60)
3 IVS2-1G>A (60), 292G>A (60), 316A>G (60), 326A>G (60), 335C>T (60),

350T>G (60), 377A>C (60) 386A>G (60), IVS3+5G>A (60), IVS3+5G>C (65)

4 491G>A (60), 525C>A (60), 541G>A (60), IVS4+1G>A (60)

5 665A>T (57), IVS5+1G>T (57)

6 695-698delAGAA (62), 709C>T (62), 755C>T (62), 764G>A (62)

7 871G>T (61), 881C>T (61), 902G>A (59,61), 940A>T (59,61)

8 1063C>T (60), 1171C>T (60), 1174T>C (60), 1184A>G (60), 1226A>G (60),
1228-1230delGAG (60), IVS8+1GC>T (60),

9 1293G>T (57), 1309C>T (59), 1315G>T (59), 1350C>G (59), 1357G>T (59),
1360A>C (59), 1362A>T (59), 1413A>T (59),

10 1477A>C (57), 1481T>C (57), 1492G>A (57), 1511C>A (57), 1537G>A (57)

11 1569G>T (58), 1579-1601del (60), 1615G>T (60), 1636C>T (60), 1648C>T (60),
1649G>A (60), 1745G>T (60), 1751A>C (60), IVS11+5G>A (60)

12 1756A>G (57, 60), 1804C>T (58), 1836C>T (60, 62)

13 1965C>G (60), 1976 T>C (60), 1941-1944del AGTT (60), 2018-2020delCTC (60),

2059C>T (60), 2059-2062delCTCA (60), 2060T>C (60)
14 (1)  2215G>A (59), 2126 T>C (59), 2246 T>A (59), 2150G>A (59), 2161A>T (59),
2167G>A (59), 2440C>T (59)
14 (I)  3381G>A (56, 60), 3602delT (56, 60), 3637insA (56, 60), 3637delA (56, 60)
14 (VIII) 5096A>T (60), 5123G>A (60), 5124C>T (60), 5143C>T (60), 5186G>A (60)

15 5251A>T (58, 60), 5301C>A (58, 60), 5305C>A (58, 60), 5306G>A (58, 60),
55323T>G (58,60), 5326G>A (58, 60), 5329C>T (58, 60)

16 5398C>T (57, 60), 5398C>G (57, 60), 5399G>A (57, 60), 5414A>T (57, 60),
5530C>T (57, 60), IVS16+2T>G (57, 60)

17 5594A>C (59, 61), 5600A>G (59, 61), 5603C>T (59, 61), 5622insT (59, 61)

18 5849G>T (58, 60), 5878C>T (58, 60), 5881C>T (58, 60), 5953C>T (58, 60)

19 6028T>C (59, 61), 6046C>T (61), 6093-6094del AC (61), 6103A>G (61),
6107A>G (61), 6113A>G (61), IVS19+1G>A (61)

20 IVS20+1G>A (58, 60) )

21 6269T>C (58), 6193T>C (not identified)

22 IVS21-8A>G (57), 6278A>G (58, 60), 6317A>G (60), 6256 A>G (60), 6371A>G (60),
6413C>A (58,60)

23 6439C>T (60), 6448G>A (60), 6482C>T (60), 6505C>T (60), 6506G>A (60),

6506G>T (60), 6515C>A (60), 6515C>G (60), 6532C>T (60), 6537C>A (60),
6544C>T (60), 6545G>A (60), 6548T>A (60),

24 6595delA (60), 6683G>A (60), IVS24+4A>G (60)

25 6760C>T (60), 6769A>G (60), 6781G>T (60), 6797G>A (60),
6828-6830delGAA (57, 60), 6857A>G (60), 6865C>T (57, 60)

26 6920A>C (60, 65), 6932C>A (60, 65), 6955C>T (60, 65), 6967C>T (60, 65),

6977G>T (60, 65)
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Fig. 1a,b. a Empirically derived melting profile of exon 3 of the FVIII gene. The position of the
IVS3+5G>C mutation is marked with an arrow. The dotted lines indicate the temperatures
used to premelt the PCR fragment. b Retention profiles at 60°C, 64°C, 65°C. In contrast to the
predicted 60°C melting temperature, the IVS3+5G>C mutation is not resolved until premelting
of the PCR fragment is done at 65°C

Fig. 2a, b. a Empirically derived melting profile of exon 9 of the FVIII gene. The 1293G>T
mutation is located within a low temperature melting domain and is marked with an arrow.
The dotted lines indicate the temperatures used to premelt the PCR fragment. b The retention
profile at 57°C reveals the resolution of the homoduplex/heteroduplex which is not detectable
at 59°C
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Fig. 3a,b. a Empirically derived melting profile of exon 21 of the FVIII gene. The 6193T>G
mutation is marked by an arrow and located at the peak of a high temperature melting
domain. The dotted lines indicate the temperatures used to premelt the PCR fragment. b The
retention profiles at 58°C, 60°C and 64°C fail to resolve the homoduplex/heteroduplex forma-
tions. Melting of the double stranded fragments is complete at 64°C

Table 4. List of 19 mutations identified by DHPLC in a cohort of 27 patients in whom the gene-
tic defect remains undetected after screening with conventional methods

No. Exon

Nucleotide exchange

Amino acid exchange

1 7

2 7

3 7

4 7

5 8

6 11

7 IVS11
8 14 (I11)
9 14 (VD)
10 14 (VID)
1116

2 17

13 18

14 18

15 23

16 23

17 26

18 26

19 26

901C>T
901C>T
902G>A
968G>A
784A>G

1673-1680 TGGAGAGA>ATCTCTC

1VS11-2delA
3175A>T

4385-4388delTTTC

4829delC
5464C>T
5687C>T
5825G>C
5888T>C
6486C>T
6547A>G
6920A>C

69256927delTTC

6967C>T

Arg282Cys
Arg282Cys
Arg282His
Gly304Glu
Lys376Arg
Complex mutation
Splice site
Lys1040Stop
Small deletion
Small deletion
Argl803Stop
GIn1874Stop
Gly1923Ala
Leul944Pro
Arg2147Stop
Met2164Val
Asp2288Ala
Small deletion
Arg2304Cys
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dHPLC Analysis in Hemophilia A Patients with Unknown Mutations

To test the effectiveness of dHPLC for mutation analysis in detecting unknown muta-
tions, the optimized protocol (Table 2) was applied to a group of 27 hemophiliacs in
whom no mutation could be detected by a systematic screen using DGGE and CMC.
dHPLC analysis of the 33 amplicons of the FVIII gene revealed probable disease-asso-
ciated alterations in 19 (70.4%) of these patients (Table 4) while the molecular defects
in the remaining 8 patients (29.6%) still remain elusive. The identification of a signi-
ficant number of additional mutations suggests that the optimized dHPLC protocol
provides a greater sensitivity than the previously used methods. The inability to
detect the genetic alterations in eight patients may be due to one of three possibilities.
First, the nucleotide changes may reside within a complex melting profile unaccoun-
ted for by our present protocol. Second, the defects may be located outside the PCR
amplicons established for the analysis of the FVIII gene and thus may escape detec-
tion. Third, the genetic defect for some of the hemophiliacs may not reside in the
FVIII gene but instead may be non-allelic. To resolve this issue the complete sequen-
cing of the FVIII gene in these eight patients is required and is currently in progress.

Future Directions

dHPLC offers a rapid and sensitive technology that is amenable to automation and
thus is well suited for routine applications specifically for large genes such as FVIIL
Sequencing the complete coding region of the factor VIII gene in those patients where
the current protocol is not able to identify the mutation can be used to further opti-
mize dHPLC sensitivity. Reanalyzing newly identified mutations by dHPLC will then
lead to the establishment of additional parameters. Following this strategy the proto-
col can be systematically improved until maximal sensitivity is achieved. This possibi-
lity of continuous optimization of the dHPLC protocol is, in our opinion, a major
advantage of dHPLC technology; however it may become necessary to develop a multi-
tier strategy to maintain an efficient system when the number of conditions, and con-
sequently the number of injections, increases. Under such a strategy patients would be
screened first under a core set of conditions with a specified detection rate, e.g. 96%,
before proceeding to a secondary screening under an expanded set of conditions.
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Rheumatoid Arthritis in a Patient
with Hemophilic Arthropathy - a Case Report

H.H. EickHOFF, G. RADERSCHADT, F.W. KocH, T. WALLNY
and H.-H. BRACKMANN

Prevalence of Hemophilia - Rheumatoid Arthritis

The prevalence of hemophilia in Europe is approximately 1:10,000. According to the
literature, the prevalence of rheumatoid arthritis in males is about 1:400 [2].
Therefore the theoretical occurrence rate of a combination of both diseases is
1:4,000,000.

Joint Pattern of Hemophilia - Rheumatoid Arthritis

In hemophilia it is mainly the knee, elbow and ankle joints that are affected. The
joint involvement in rheumatoid arthritis usually corresponds to those of the finger,
hand, elbow, knee and ankle. However, with the exception of the distal interphalan-
geal joints, all synovial joints can be affected. An additional extraarticular involve-
ment is frequently observed. In the combination of hemophilic arthropathy with
rheumatoid arthritis an additional effect concerning the number and distribution
of affected joints as well as the degree of joint involvement can be expected.

Case Report

The case presented is one of a 54-year old patient from the former East Germany
with hemophilia A; remaining factor activity was less than 1%. Due to recurrent
bleeding episodes severe arthropathy of all major joints developed (knee, hip, ankle,
elbow, shoulder) (Figs. 1, 2). In addition, in 1980 the patient developed sero-positi-
ve rheumatoid arthritis and the patient’s situation deteriorated dramatically
(Fig. 3). In 1989 the patient was confined to a wheelchair.

In October 1990 the patient was admitted to the Bonn University Hospital
Orthopedic Department for combined hemostatic, orthopedic and rheumatologic

- therapy.

A cementless total hip arthroplasty was implanted on the right side in October
1990. Postoperatively an antibody developed, which was treated successfully. In
January 1991 the second total hip arthroplasty was implanted cementlessly on the
left side. Eight years postoperatively the hip implants showed no loosening radio-
logically and were without any other complications (Fig. 4).
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Fig. 1. 05/90: severe hemophilic arthropathy of both hips

Fig. 2. 05/90: severe hemophilic arthropathy of both knees
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Fig. 3. 05/90: rheumatoid arthritis of both hands

Fig. 4. 10/98: cementless total hip replacement (8 years after operation)
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Fig.5. 11/99: cemented total knee replacement (type GSB) (8.5 years after operation/left side)

Fig. 6. 05/97: total condylar knee prosthesis (right side). Note the amount of femural resection
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Fig.7. 11/99: right knee after arthrolysis and revision to a cemented knee arthroplasty (GSB).
Note the restored joint line (2.5 years after operation)

A cemented knee arthroplasty (type GSB) was implanted on the left side in April
1991. Follow-up showed no significant problems (Fig. 5).

In February 1992 a total condylar prosthesis was implanted cementlessly on the
right side (type Tricon). During follow-up the latter showed a significant loss in the
range of movement (Fig. 6). This led to a revision at the Orthopedic Hospital
St. Josef, Troisdorf in May 1997 with arthrolysis and exchanging the prosthesis for a
cemented GSB-arthroplasty (Fig. 7). The subsequent follow-up was unremarkable.

At the final follow-up in October 1999 the patient walked unaided and was very
satisfied with the result.

Summary and Discussion

The combination of hemophilia, particularly hemophilic arthropathy with rheuma-
toid arthritis, is very rare. Facing the different joint patterns of both diseases there
is an additive effect with respect to the number of affected joints as well as the seve-
rity of the disease.

Close collaboration of all involved specialities (hemostasiology, orthopedic sur-
gery and rheumatology) is essential.

The necessary orthopedic operations, especially the total joint replacements, are
very demanding and should be performed by an experienced surgeon [1]. Due to
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the suppression of the immune system by the rheumatoid drugs there is a higher
risk of infection peri- and postoperatively. In addition the rehabilitation period is
longer and more difficult due to the involvement of multiple joints.

In the presence of a contracture particularly around the knee joint, a wide soft
tissue release is required intraoperatively (release of collateral and cruciate
ligaments, capsule, popliteus and gastrocnemius tendons). With regard to poor
bone quality (osteoporosis) a knee replacement should be done with a cemented
prosthesis and at least a tibial stem. In the presented case even a constrained knee
implant was necessary.

The hip joint can be replaced, as in the presented case, cementlessly.

As this case report demonstrates, a good result can be achieved with a clear indi-
cation and adequate therapy.
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Recurrent Fatal Intracranial Hemorrhage (ICH)
in Two Non-ldentical Twins suffering from Hemophilia B
(Factor IX Activity <1%)

S.HALIMEH, H. POLLMANN, M. KASE, I. HORNIG-FRANZ, H. JURGENS
and U. Nowak-GOTTL

Introduction

Intracranial hemorrhage is one of the leading causes of serious illness and death in
patients with hemophilia. Most reports indicate that the complication is most
common in patients of less than 18 years of age. The reported incidence ranges be-
tween 2.9 and 7.5% (1-7). The most important factor was trauma (57%), either
during birth (30%) or later in life (27%). Seizures were common (63%).There was
no significant difference between the prevalence of patients with hemophilia A and
B (3.5% vs. 6.3%) and among the groups (8). Hemophilia A and B are sex linked
disorders that are due to respective deficiencies in the clotting factors VIII and IX.
The frequency of factor VIII deficiency is thought to be approximately 1 per 10,000
male births; for factor IX deficiency, the frequency is approximately 1 per
30,000-50,000 male births (9).

Case Report
Case1

We report two additional cases of recurrent ICH in two non-identical twins with
severe hemophilia B. After an uneventful twin pregnancy not knowing the diagnosis
of severe HB forceps delivery was performed after 36 weeks of gestational age.
Shortly after birth clinical examination of the first male twin showed a large and
progressing cephalohematoma, and generalized seizures followed 10 h later.
Immediately performed computed tomography showed a large subdural hemor-
rhage located in the left occipital lobe. Laboratory evaluation showed prolonged
aPTT, with a factor IX activity <1% in the patient and also in his non-affected
brother. Factor VIIIa, XIa and XII a showed age-dependent normal values.
Substitution therapy in the affected male was started with a virus inactivated factor
IX concentrate. The neonate survived and received a prophylactic treatment with
recombinant factor IX concentrate thrice weekly for a period of 3 months. Because
the first ICH was associated with severe cerebrocranial trauma, i.e. forceps delivery,
and the lack of venous access, the treatment regimen was changed to »on-demand«
substitution. At the age of 6 months the patient was admitted to the hospital, again
with signs of increased intracranial pressure, i.e. vomiting and seizures, and re-
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Fig.1

current contralateral ICH occurring spontaneously was diagnosed at this time point
(Fig. 1).

Case 2

At 11 months of age the non-identical twin, free of bleeding so far and therefore not
treated prophylactically with factor IX concentrate, was admitted to the pediatric
intensive care unit suffering also from spontaneous ICH in the right occipital lobe.
Despite factor substitution, craniotomy and immediate intensive care treatment, he
died (Fig. 2).

The neuropathology report does not show any hemangioma or an arteriovenous
malformation.

Discussion

ICH remain a relatively common complication in hemophilia patients. Silverstein
reported the incidence of ICH in various centers in several countries; it ranged be-
tween 2.2 and 7.8%. Eyster and de Tezanos Pinto independently reported a median
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Fig.2

age of 10 and 10,5 years respectively in patients with hemophilia A and of 4 and
6 years respectively in patients with hemophilia B. In both studies 1/3 of all ICH
occurred during the first years of life. Klinge et al. showed in his study the bleeding
sites and possible cause and neurological outcome after ICH. He found a median
age of 2 years, with 38% occurring within the first week of life. Neurological out-
come is still a major problem after ICH, even if prompt and effective therapy is
initiated. The study of Klinge et al. showed that only 24% of all patients have neuro-
logical deficits. This seems comparable with data published by de Tezanos Pinto
et al. Until 1960 nearly 70% of the patients had a fatal outcome; since then the death
rate has been approximately 30%. The mortality in the study of de Tezanos Pinto is
29.2%. Eyster reported a 34% death rate.

Based on these two severe ICH cases occurring within 1 year in the same family,
a primary prophylactic treatment regimen is discussed in asymptomatic family
members carrying the same severe coagulation defect with ICH as a member of the
family already known to have shown the first onset of the disease.

These two cases showed us that prospective studies are warranted in order to
further evaluate the significance of intracerebral hemorrhage in patients with
hemophilia and to provide more information on additional risk factors such as
mode of delivery and prophylactic or on-demand treatment.
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Progression of Thrombosis under Low Molecular Weight
Heparin without Heparin-Induced Thrombocytopenia
in a young Man: a Case Report
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and S. SCHELLONG

Introduction

Low molecular weight heparins (LMWHs) have been proven to be efficacious and
safe in the treatment and prophylaxis of thrombosis in adults. LMWHs also appear
to offer a safe and effective form of anticoagulation in children [5,9,13,15], but in
contrast to adults randomized clinical trials comparing LMWHs with unfractio-
nated heparins (UFHs) and vitamin K antagonists for the prevention and treatment
of thromboembolic events are lacking. According to clinical experiences with
LMWHs in children [5,9,11,15] for prophylaxis of thrombosis plasma anti-Xa
activities between 0.2 and 0.4 IU/ml measured 4 h after application are needed for
effective prevention of thrombus apposition or recurrence of thrombosis. We report
on a 16-year-old boy who suffered from an incomplete thrombosis of the left popli-
teal vein and developed an extended complete vein thrombosis during secondary
thrombosis prophylaxis with nadroparin. At that time the anti-Xa activity was in the
prophylactic range, the patient wore a compression stocking and was completely
mobilized.

Anamnesis

After surgical care of a laceration on the left lower leg caused by a traffic accident,
the 16-year-old boy was immobilized for 4 days without prophylactic anticoagulati-
on. According to the patient’s statement the left lower leg was swollen all the time,
but pain in this area developed only 3 weeks later, after he was completely mobi-
lized. After admission to a hospital an incomplete thrombosis of the left popliteal
vein was detected by phlebography (Fig. 1). He was treated with nadroparin
(Fraxiparin®, Sanofi-Synthelabo, Germany) at a dosage of 190 anti-Xa IU/kg/d cor-
responding to a twice daily subcutaneous injections of Fraxiparin® 0.7 ml. Wearing
a compression stocking caused the pain to disappear within a few days. Anti-Xa
activity was not determined at that time because the patient was treated in a small
hospital with no possibility of measuring this parameter. After 8 days the dose of
nadroparin was reduced to 55 anti-Xa IU/kg/d corresponding to the once daily sub-
cutaneous injection of Fraxiparin® 0.4 ml for prophylactic reasons. At that time the
patient was symptom-free as far as the thrombosis was concerned. Fifteen days
after the start of prophylaxis the patient presented in our outpatient clinic showing
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Fig. 1. Phlebographic findings at the time of onset of
thrombosis, 3 weeks after surgical care of a lacerati-
on on the left lower leg. In the left popliteal vein a
vessel wall-adherent thrombus surrounded by con-
trast media as a sign of an incomplete thrombosis
was detected

no clinical signs of thrombosis and an anti-Xa activity (COACUTE® Heparin,
Chromogenix, Italy) of 0.22 IU/ml was measured 4 h after nadroparin injection.
Three days later pain in the left lower leg occurred again and after admission to our
hospital a complete left-sided thrombosis of the distal part of the femoral vein, the
popliteal vein, the saphenous parva vein and the soleus veins were detected by
Doppler sonography. After exclusion of heparin-induced thrombocytopenia the
patient received nadroparin at 190 anti-Xa IU/kg/d s.c. again and was then treated
with a vitamin K antagonist (phenprocoumon, Falithrom®, Hexal, Germany) setting
the INR value between 2.0 and 3.0. Swelling as well as pain in the left lower leg dis-
appeared again and Doppler sonography performed 5 weeks after clinical manife-
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station of thrombosis progression showed no further thrombus apposition but on
the other hand also no recanalization.
No thromboembolic events are known in the patient’s family history.

Laboratory Data at Time of Onset of Thrombosis Progression

Anti-Xa activities:

D-Dimer concentration:
Thrombocyte count:
Fibrinogen concentration:
Antithrombin:

HIT antibodies:

C-reactive protein:

0.22 IU/m] measured 3 days before

(LMWH dose: 55 anti-Xa IU/kg s.c.0.d.)

0.62 IU/ml measured 2 days later

(LMWH dose: 95 anti-Xa IU/kg s.c.b.d.)

1.0 pg/ml (reference range: <0.5 pg/ml;

3 days before: 0.3 pg/ml)

184,000/l (reference range: 150,000-400,000/pl;
3 days before: 249,000/pl)

5.4 g/l (reference range:1.5-4.5 g/l;

3 days before: 2.6 g/)

108% (reference range: 80-120%;

3 days before: 122%)

Exclusion of heparin-induced thrombocytopenia
type II by heparin-induced platelet aggregation
test and heparin/platelet factor 4 - ELISA

41.5 mg/l (reference range: <5.0 mg/l)

Results of Thrombophilia Diagnostics

APC ratio:
Molecular genetic analysis:

Coagulation factor XII:
Normal values:

1.79 (reference range: >2.2)

Heterozygosity for factor V. G1691 A mutation,
no prothrombin G20210 A variant

25% and 33% (reference range: 80-120%)
Antithrombin, protein C act., protein S act. and
free protein S, lupus anticoagulant (negative),
lipoprotein (a), homocysteine

Discussion

Anticoagulation with heparin is required for the prevention and treatment of
thromboembolic complications in children. LMWHs seem to offer many advanta-
ges over other anticoagulants currently used in children but randomized controlled
trials comparing LMWHs with other anticoagulants are lacking. Up to now only a
few reports have been published on the use of LMWHs in pediatric patients.
LMWHs were effective and safe for the treatment and prophylaxis of thromboem-
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bolic complications [5,13,15], hemodialysis [1,20], for prevention of vascular
thrombosis after renal [2,6] and liver transplantation [8] as well as in children with
sinovenous thrombosis [4]. In accordance with the literature mentioned above, we
also have obtained good clinical results using different LMWHs for the treatment
and prophylaxis of thrombosis [9]. As reported by others [11,15], we have set the
prophylactic level of plasma anti-Xa activities between 0.2 and 0.4 IU/ml measured
4 h after application. According to our experiences anti-Xa activities in this range
are reached by doses of 50 to 100 anti-Xa IU/kg, though it should be noted that new-
borns and infants require higher doses than older children [13]. The patient repor-
ted here received nadroparin at 55 anti-Xa IU/kg s.c. once daily for secondary
thrombosis prophylaxis and he is the first one in whom we have seen a thrombosis
progression despite the fact that anti-Xa activity (0.22 IU/ml) was in the prophylac-
tic range. From this case report the question that arises is whether we should have
used a higher nadroparin dose to prevent thrombosis progression. Lopaciuk et al.
[12] administered nadroparin at a higher dose of 85 anti-Xa IU/kg s.c. once daily for
secondary prophylaxis in adults and detected a thrombosis recurrence rate of 2% (2
out of 98 patients). In a pediatric setting, Dix et al. [5] used enoxaparin at 110 anti
Xa IU/kg s.c. twice daily for secondary thrombosis prophylaxis and found a new or
progressive thrombosis in 2.3% patients. Pini et al. [17] administered enoxaparin in
adults with a comparable dose of 4000 anti-Xa IU as we have used in our patient
(3850 IU) and report a thrombosis recurrence rate of 6% (6 out of 93 patients).
Monreal et al. [14] did not detect recurrent thromboses in 40 adults receiving 5000
anti-Xa IU of dalteparin. Concerning the different doses and LMWHs used in these
studies, it should be considered that pharmacokinetic profiles differ between the
preparations of LMWHs [3]. Therefore, clinical results obtained from studies using
different LMWHs cannot be directly compared. However, taking into account the
results from the clinical trials and the fact that as far as age (16 years) and body
weight (70 kg) are concerned our patient seems to be comparable with the phar-
macokinetic profile in a young adult, it is our conclusion that a higher nadroparin
dose might have been of advantage for the patient reported here. However, it should
be mentioned that even at higher LMWH doses a progression of thrombosis occurs
in some patients which may be due to interindividual differences in pharmacoki-
netics. If the presence of a combination of hereditary thrombophilic risk factors in
our patient (heterozygosity for factor V. G1691 A mutation and coagulation factor
XII deficiency) has contributed to the development of thrombosis progression this
constitutes another point for discussion. The importance of combined prothrom-
botic defects for thromboembolic complications in children has already been pro-
ven in a multicenter trial [16]. But it remains an open question whether pediatric
patients with combinations of hereditary thrombophilic risk factors need higher
LMWH doses for primary and/or secondary thrombosis prophylaxis.

Thrombosis progression may be a clinical sign of heparin-induced throm-
bocytopenia type II (HIT) which is detected more often in patients who receive
unfractionated heparin as opposed to LMWH [19]. Thrombocyte counts typically
decrease between day 5 and 10 after the onset of heparin treatment and throm-
boembolic complications often occur during that time [7]. In a subset of patients,
even in children in whom the incidence of HIT is much lower than in adults, throm-
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bosis may become clinically manifest without a substantial decrease in throm-
bocyte count [7,10,18]. Therefore, in our patient HIT was excluded by additional
tests (heparin-induced platelet aggregation - HIPA and heparin/PF4-ELISA) despi-
te the fact that the thrombocyte count was only slightly decreased (within 3 days
from 249,000/l to 184,000/pl).

Conclusions

Our case report demonstrates that a nadroparin dose of 55 anti-Xa IU/kg correspon-
ding to an anti-Xa activity of 0.22 IU/ml was not sufficient for secondary thrombosis
prophylaxis in a young man. As reported by Lopaciuk et al. from a study using adults,
for secondary prophylaxis a higher nadroparin dose of at least 85 anti-Xa IU/kg
should be used to reach higher anti-Xa activities than 0.2 to 0.4 IU/ml. To what extent
the combination of hereditary thrombophilic risk factors in our patient has contri-
buted to the development of the progressive thrombosis remains an open question.
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Cardiac Tamponade in a Patient with acquired Factor VIII
Inhibitor and Chronic Renal Failure

E. STRASSER, Y. LINDEMANN, B. NEIDHARDT, I. SCHARRER,
R. ZIMMERMANN, V. WEISBACH and R. ECKSTEIN

Factor VIII inhibitors can trigger bleeding complications especially if they remain
unrecognized (1). In the following case a prolongation of the activated partial
thromboplastin time (aPTT) was found using a global coagulation test that was car-
ried out routinely before an enoral biopsy of a mucous membrane. Further analysis
of the coagulation factors influencing the aPTT revealed a factor VIII deficiency
caused by an acquired factor VIII inhibitor. This case report describes the rare com-
plication of a cardiac tamponade related to a factor VIII inhibitor and the thera-
peutic interventions which led to the inhibitor elimination.

We report on a 47-year-old male patient with chronic renal failure who came to
the hospital to clarify symptoms of a pemphigoid. The patient showed spontaneous
hematomas at this time, which were thought to be clinically irrelevant and to be due
to a coagulation disorder caused by azotemia, according to the end stage renal
disease. Peritoneal dialysis had regularly been performed without any complica-
tions for several months. The aPTT, which was measured before an enoral biopsy,
was prolonged to 67 s. Further diagnostic procedures showed an isolated reduction
of factor VIII activity (7%) caused by a low-titer factor VIII inhibitor (2.04 BU,
Bethesda units). With regard to the case history the diagnosis »acquired factor VIII
inhibitor« was established. Immunosuppressive therapy with cyclophosphamide
and corticosteroids for the elimination of factor VIII inhibitors was postponed due
to pneumonia. Approximately 1 week later severe cardiac failure occurred and a
cardiac tamponade caused by serious bleeding into the pericardium was found.
Cardiocentesis had to be performed immediately. Preoperative and perioperative
substitution of recombinant factor VIla (NovoSeven) in an overall dosage of
14.4 mg was given. No further bleeding complications occurred. Subsequently,
elimination of the factor VIII inhibitor was performed successfully using the follow-
ing regimen: plasma exchange (3500 ml GFP per day) combined with 500 mg
prednisolone intravenously for 5 days, followed by an immunosuppressive therapy
with 60 mg prednisolone and 150 mg cyclophosphamide per day. Doses of the
immunosuppressive therapy were reduced gradually over the next 4 weeks. The
factor VIII levels normalized after 7 days as shown in Fig. 1.

The patient needed daily hemodialysis. Pancytopenia and cytomegalovirus
infection appeared under immunosuppressive therapy. This case report confirms
the experience, that the level of factor VIII inhibitor titer does not correlate to the
severity of bleeding complications (1). Even at comparatively low inhibitor titers a
perilous bleeding complication - in this case a cardiac tamponade - can occur. The
application of recombinant factor VIla was an efficient therapy in this situation and
enabled the performance of an emergency pericardiocentesis. This is a further
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Fig. 1. Normalization of the factor VIII levels

example of the successful use of factor Vlila application in an inhibitor-induced
acute bleeding event (2-4). The elimination of inhibitor antibodies by plasma
exchange combined with immunosuppressive therapy succeeded within 9 days. Due
to the clinical situation of the patient (prolonged artificial respiration after pneu-
monia) the readily available plasma exchange therapy in combination with gluco-
corticoids was used. An alternative approach would have been immune adsorption
methods (e.g. Therasorb) but they are more expensive and bear the risk of im-
munoglobulin deficiency (5).

The routinely performed aPTT screening gave the decisive note to findings a
hitherto undetected severe coagulation disorder. The result of global coagulation
tests prevented the performance of a mucous membrane biopsy, which would have
been accompanied by a severe bleeding risk in this case. This underlines the value
of global coagulation tests before small routine interventions, even if the case
history is inconspicuous.
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Endoscopic Cholecystectomy in a 55-year-old Patient
with Heparin-Induced Thrombocytopenia Type Il

and Replacement of Mitral and Aortic Valve

and Tricuspid Valve Anular Plasty

J. Gross, D. HEITMANN, I. WojTZYK, G. LuTZE and M.U. HEIM

Introduction

Heparin-induced thrombocytopenia (HIT) at present is the most common medici-
ne induced thrombocytopenia. HIT type I, in which activation of platelets is immu-
nologically mediated, represents a serious complication of heparin therapy while
severe thromboembolic complications can occur which sometimes result in the loss
of extremity if application of heparin is not terminated immediately. Further anti-
coagulation in patients with HIT type II includes the application of danaparoid-
sodium (1) or recombinant hirudin (2). The present study presents the laboratory
findings with different doses of hirudin and the clinical course of a 55-year-old pati-
ent with HIT type II and replacement of mitral valve, aortic valve and tricuspid
valve anular plasty in whom Lepirudin (Refludan) was applied perioperative during
endoscopic cholecystectomy.

Methods

Antibodies to platelet factor 4 - heparin - complex: ASSERACHROM HPIA,
PF4-ELISA, Diagnostica Stago/France

Prothrombin time: INNOVIN, Dade Behring, Germany (reference range: >70%)

Partial thromboplastin time and thrombin time: PTT-REAGENS and THROMBIN-
REAGENS, Roche Diagnostics, Mannheim/Germany (reference range: <35 s and
15.5-20 s, respectively)

Patient

Patient M.R. was female 55 years old and had a body weight (bw) of 47 kg. Until now
she had not suffered any thromboembolic events. She had one spontaneous delivery
and one abortion in the year 1974. At the age of 14 years the patient suffered from
rheumatic fever with swelling of the knee joint and participation of heart valves
which required in-hospital treatment over 3 months. In the year 1960 she had a
tonsillectomy and in 1994 the patient suffered from torticollis spasticus.

At the age of 54 years she progressively suffered from palpitations and dyspnoea
on exertion. Diagnosis of cardiac insufficiency was confirmed combined with insuf-
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Fig. 1. Replacement of mitral and aortic valve and tricuspid valve anular plasty

ficiency of mitral valve (fourth degree), tricuspid valve (fourth degree) and aortic
valve (second degree). Replacement of aortic valve (SJM prosthesis 21 mm), mitral
valve (SJM prosthesis 29 mm) and tricuspid valve anular plasty (DURAN ring
31 mm) was carried out. Due to an atrioventricular block of third degree, pacema-
ker implantation (DDD) was carried out (Fig. 1). During postoperative anticoagu-
lation with unfractional heparin, there was a decrease in platelet count without any
thromboembolic events, and diagnosis of HIT type II was confirmed by ELISA.

Clinical Course and Laboratory Findings

Clinical course and laboratory findings are shown in Table 1.
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Table 1. Partial thromboplastin time, thrombin time and prothrombin time during therapy
with lepirudin (nd not determined)

Day Lepirudin Partial thrombo-  Thrombin Prothrombin
(mg/kg bw/h) plastin time (s) time (s) time (%)
5 (endoscopic 0.05 48 >180 74
cholecystectomy)
0.02 39 140 74
0.03 42 172 59
6 0.03 45 84 60
7 0.03 37 167 111
0.05 39 nd 106
8 0.08 44 >180 92
9 0.09 47 nd 90
10 0.10 59 >180 83
i1 0.10 57 >180 83
Day1

The patient was admitted to the hospital for endoscopic cholecystectomy. Therapy
with phenprocoumon was terminated three days before admission. Prothrombin
time was 34% and therapy with lepirudin was started with a dose of 0.06 mg/kg
bw/h.

Day 5

After normalization of prothrombin time endoscopic cholecystectomy was carried
out without any bleeding or thromboembolic complications. The perioperative dose
of lepirudin was 0.02 mg/kg bw/h (partial thromboplastin time 39 s, thrombin time
140 s); during the postoperative course lepirudin dose was increased to 0.03 mg/kg
bw/h (partial thromboplastin time 42 s, thrombin time 172 s).

Days 6-8
The postoperative course was without any complications; the dose of lepirudin was

step by step increased up to 0.08 mg/kg bw/h. Partial thromboplastin time was pro-
longed 1.3-fold, thrombin time was prolonged more than 9-fold at this dose.

Day9

Lepirudin dose was 0.09 mg/kg bw/h (partial thromboplastin time 47 s); therapy
with phenprocoumon was started again.
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Day 10

Partial thromboplastin time was prolonged 1.7-fold, thrombin time was prolonged
more than 9-fold, while lepirudin was applied with a dose of 0.10 mg/kg bw/h; pro-
thrombin time was 83%.

Day 13

Therapy with lepirudin was terminated.

Day 15

The patient was discharged from the hospital.

Summary and Conclusions

A 55-year-old patient with replacement of mitral and aortic valve and tricuspid
valve anular plasty was admitted to the hospital for endoscopic cholecystectomy.
Because HIT type II had been diagnosed at an earlier time, recombinant hirudin
(Lepirudin, Refludan) was given as anticoagulant (3). While prothrombin time was
normalized after termination of therapy with phenprocoumon, lepirudin was
given perioperative with a dose of only 0.02-0.03 mg/kg bw/h; applying this dose
regime, bleeding or thromboembolic events were not observed, especially in our
patient after complex heart valve surgery with a very strong indication for anti-
coagulant therapy (4). Laboratory monitoring during the postoperative course
revealed up to 1.7-fold prolongation of the partial thromboplastin time while
lepirudin was applied with a dose of only 0.10 mg/kg bw/h. So the therapeutical
dose in our patient was only two thirds of the one recommended by the manu-
facturer until now (0.15 mg/kg bw/h). Our data underline that dose recommen-
dations for lepirudin in patients with HIT type II may be discussed. However,
ecarin clotting time should be the parameter of choice for monitoring anticoagu-
lation with recombinant hirudin (5).
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Successful Orthopedic Operations in Hemophilic Adults
with Inhibitors against Factor ViIi

G.Lupwig, C. BETZ, M. KRAUSE, A. KUrTH, L. Hovy and I. SCHARRER

A grave complication during the treatment of hemophilia A with blood factor re-
placement is the development of factor VIII inhibitors. If it is not manageable to
reduce the inhibitors with an immune tolerance therapy, bleedings are hard to con-
trol. Within the scope of extensive orthopedic operations in the last 12 months, our
faculty used recombinant factor VIII peri- and postoperatively on three male adults
with high titers of FVIII antibodies. After the factor VIII antibody ascent the patients
were treated with the substitution of rFVIIa. In two cases, the initial reduction of the
FVIII antibodies was first reached through preoperative Therasorb Immunadsorp-
tion over 4 weeks because of the high titer of antibody at the starting point.

Patient 1

A 35-year-old male with severe hemophilia A, factor VIII inhibitor since 1977 (up to
120 BU), chronic hepatitis C 2b, negative HIV test, legible genu varum (20°) with a
hindrance of extension and the marked development of a huge cyst in the left femur
with severe hemophilic arthropathia, and a clear indication for the provision of a
knee prosthesis because of an acute disposition to fracture. The reduction of the
inhibitor titer was initially reached with Therasorb-Immunapherese over 4 weeks
with a starting point BU of 17. The preoperative inhibitor titer was 0.9 BU.

Patient 2

A 47-year-old male with severe hemophilia A, factor VIII inhibitor since 1998, posi-
tive hepatitis C serology, negative HIV test, severe hemophilic arthropathia of
various joints with chief complaint in the left ankle joint and an inhibitor titer of
17 BU. After 3 weeks of daily Therasorb treatment the inhibitor titer was 1.5 BU at
its starting point.

Patient 3

A 40-year-old male with severe hemophilia A, factor VIII inhibitor since 1980, posi-
tive HIV test, positive hepatitis C serology, multiple hemophilic arthropathias in-
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cluding the left ankle joint, the legible genu varum (20°) which resulted in the
immobilization of the patient with a clear indication for a corrective osteotomy and
arthrodesis.

A sufficient hemostasis for about 14 days was possible after repeated short-
termed measurements of the factor VIII activity and the titer of antibodies. This
therapy regimen made further an appropriate physiotherapy of the patient possible.
Neither intraoperative nor postoperative bleedings were seen. The preoperative
reduction of the factor VIII antibodies with Therasorb Immunadsorption makes a
safe perioperative substitution of factor VIII possible. A legible ascent of the anti-
body titer was seen approximately 5 days after exposition to rFVIIL The substitu-
tion was finally continued with rFVIIa factors. This procedure offers the additional
factor of safety and proves to be more economical than general substitution with
factor VII beginning on the day of the operation.

Conclusion

An appropriate operative therapy for advanced hemophilic arthropathia is possible
even with a factor VIII antibody.



Evaluation of Clinical Efficiency of rFVIla in Pediatrics

M. SERBAN, P. TEPENEU, C. PETRESCU, D. MIHAILOV, C. JINCA
and W. SCHRAMM

Introduction

One decade ago recombinant activated factor VII (rFVIIa) was introduced as a new
therapeutic agent for hemophilia patients with inhibitors (Hedner U, 1988). Very
soon, its beneficial effect was also proved in many other diseases (Glanzmann’s
thrombasthenia, Bernard Soulier thrombopathia, acquired coagulopathy in renal
and hepatic failure, congenital deficiency of factor V, VII, XI, acquired hemophilia
etc.) (Schulman S, 1998, Martinowitz, 1999). Its clinical use was based on the re-
cognition of the crucial role of FVIIa in hemostasis, initiated both on extrinsic or
intrinsic pathway, even in primary hemostasis. The definition of the indications and
the optimal therapeutic regimen for rFVIIa is an ongoing process; the establishment
of the doses and administration intervals for a minimum hemostatic level is ob-
viously cumbersome.

Objectives

¢ To assess the hemostatic efficiency of rFVIIa therapy in the situation of minimal
regimens (dosage, frequency and duration of administration) in different types
of bleeding

¢ To analyze the cost-efficiency correlation, according to the modality of admini-
stration

¢ To reveal the side-effects of rFVIIa therapy

Material and Methods

This is a retrospective study based on ten patients registered and treated in the I1I*d
Pediatric Clinic Timisoara (Table 1): three patients with hemophilia A severe form
(FVIII <1%) with high titer of inhibitors (152-600 BU) and seven patients with
other coagulopathies (von Willebrand disease, ITP with platelet alloimmunization,
aplastic anemia with severe thrombocytopenia, complex hemorrhagic diathesis
caused by chronic renal failure, Glanzmann’s thrombasthenia).

L. Scharrer/W. Schramm (Ed.)
31t Hemophilia Symposium Hamburg 2000
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Results and Discussion

The treatment with rFVIla was applied in 44 situations, either curative (on demand)
as in the case of bleeding accidents uncontrollable with other therapeutic measures
(25 situations), or prophylactic, as in the case of predictable severe bleedings
(19 situations). The hemorrhagic events when rFVIIa was administered were group-
ed into: life-threatening - 9; severe - 10; moderate - 3; mild - 3.

On demand treatment with rFVIIa was applied in 76% of the situations (19/25)
of severe or life-threatening hemorrhages. In over 2/3 of all situations (30/44 -
68,18%) rFVIla was administered for surgical procedures. Prophylactic administra-
tion was given in 94,74% (18/19) of the surgery cases.

The i.v. bolus administration of rFVIIa was the mean modality of administrati-
on in the majority of uncontrolled bleeding events that were curatively treated
(22/25 - 88%) whereas continuous infusion was used in almost 2/3 of the prophy-
lactic administrations (13/19 - 68,42%) (Fig. 1).

The applied therapeutic regimens have been compared with the conventional
regimens as shown in Tables 2 and 3. Economic reasons and the reduced accessibi-
lity to this very expensive treatment made it necessary to use smaller doses (mini-
mum 40 pg/kg/dose) or to prolong the intervals between the administration to a

Fig. 1. The situation in which rFVIIa was administered, the modality of administration and the
type of hemorrhagic events

Table 2. Therapeutic regimens used in surgical procedures

Therapeutic Preoperative Postoperative continuous i.v. infusion
regimen i.v. bolus Day 1 Day II Day 111 Days IV-VII

Optimal regimen 90 pg/kg 10-20 pg/kg/h 10-20 pg/kg/h
Regimen used 90 pg/kg 15-18 pg/kg/h 14-18 ug/kg/h depending on the evolution,
for4-22h
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Table 3. Therapeutical regimens used in non-surgical procedures

Thera-  iv.bolus administration i.v. continuous infusion

peutical Dose Number of Dose Duration of

regimen administrations administration

Optimal  60-120 pg/kg Depending on 7,5-11,5 pg/kg/h Depending on evolution

regimen evolution

Regimen 40-140 pg/kg Mean number of 13-20 pg/kg/h  Mean duration of

used administrations administration
2,45/situation+1,8 10,57/situation+7,49 h

Table 4. Clinical criteria of efficacy evaluation

Type of response  Characteristics of type of response Score
Very good Stop of the bleeding for over 48 h after administration 3
Good Stop of the bleeding, relapse 24-48 h after administration 2
Weak Stop of the bleeding, relapse at <24 h after administration 1
Absent Impossible to stop the bleeding 0

maximum of 4 h as opposed to conventional administration patterns. The total
period of administration was reduced as well. In the case of surgical procedures, the
conventional recommendations were respected as opposed to non-surgical admini-
strations where we used smaller doses. Overall, in 42,66% of the cases, the doses for
i.v. bolus administration were below the minimal recommended dose (60 pg/kg).
Concerning the number of i.v. bolus administrations, over 2/3 of the patients recei-
ved only 1-3 doses of rFVIIa (1/3 of the cases received only one administration).

The evaluation of the response to the treatment with rFVIIa was based on clini-
cal criteria (Table 4) and was analyzed according to: indication, doses, time period
and modality of administration.

Overall, in 61,36% of the cases, we obtained a very good response, in 27,27% a
good response and in 11,36% the response was weak. No failure was encountered.
The analysis of the efficiency depending on the type of administration (Fig. 2)
showed the absence of failure and high efficiency in almost all cases of continuous
i.v. infusion as opposed to i.v. bolus administration (92,8% vs. 66,5%). We mention
the fact that in many of the i.v. bolus administrations the doses were smaller than
the conventional ones and the number of administrations was reduced.

The overall clinical efficiency of the prophylactic treatment with rFVIla was
very good (mean clinical score 2,9); it is worth mentioning that in general the doses
used for prophylaxis met the recommendations.

Concerning the curative treatment, despite the low efficiency and the numerous
situations of severe hemorrhages in which larger doses were needed but only smal-
ler were given for economic reasons, we encountered no failure, which represents
practically the major consideration (Fig. 3).

The administration of rFVIla in continuous i.v. infusion allowed an important
economy as opposed to i.v. bolus administration (Fig. 4) and also a high level of effi-
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Fig. 2. The efficiency of the treatment with rFVIIa depending on the type of administration

ciency (as shown above). In order to appreciate this issue properly, a comparison
was made between the total amount of rFVIla administered in continuous i.v. infu-
sion and the theoretical recommended amount of i.v. bolus administered for the
given period of time.

The use of rFVIIa in the patients with hemophilia A who presented a high titer
of anti-FVIII antibodies, contributed to the reduction of the inhibitors titer, probab-
ly because of the lack of antigenic stimulation (Fig. 5); during the time of rFVIla

Fig. 3. The efficiency of rFVIIa depending on the type of treatment
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Fig. 5. Reduction in time of inhibitor titer in hemophiliacs treated with rFVIIa

treatment no product containing FVIII was used. In the patient R.B., the first admi-
nistration of FVIII concentrate after 15 months did not determine any significant
clinical response, the titer of inhibitors turning out to be under 5 UB.

Although adverse reactions to the treatment with rFVIla are mentioned in lite-
rature (fever, exanthema, pruritus, nausea, vomiting, blood pressure variations,
headache or even more severe reactions like acute renal failure, ataxia, angina pec-
toris, arrhythmias, cardiogenic shock), we did not encounter any adverse reactions
in our study group except one case of mild, transient allergic reaction.

Conclusions

In our experience, the limited access to rFVIIa led to its very economical use from
the standpoint of dosage, rate and duration of administration. Despite this situati-
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on, the mean clinical score was 2,9 for prophylactic and 2,5 for curative rFVIla
administration; the efficiency of continuous infusion was superior to i.v. bolus
administration (clinical score was 3 in 92,8% cases vs. 67,5% cases).

An amount of 25-50% rFVIla was saved by continuous infusion as opposed to
i.v. bolus administration, although high efficiency was achieved. This is a very
important issue considering the high price of the product.

Under rFVIIa treatment the inhibitor titer decreased significantly in hemophi-
lia A patients, probably because of no antigenic stimulation.

RFVIIa was well tolerated and highly efficient, even under the conditions of
dosage reduction and therapy duration and in bleeding events unresponsive to
other therapeutic measures. Continuous infusion had the advantage of reducing the
total amount of medication without having a detrimental effect on efficiency.
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Risk Factors for Thrombosis in Hemophilia — an Analysis

V. AUMANN, G. LuTtzEe and U. MITTLER

Introduction

During recent years there has been a considerable increase in the knowledge of the
pathophysiology of thromboembolic diseases. Several risk factors for thrombosis,
congenital as well as acquired, have been identified. A combination of them increa-
ses risk for the patient. The identification of further risk factors has been enabled
by establishing molecular biological methods (1). Consequently, the recognition of
risk groups has been improved. In the normal population, the prevalence of
different risk factors is supposed to be 10-15%. Therefore it is assumed that even in
some patients with congenital hemophilia risk factors for thromboses must be
present (2). Whether or not these contradictory changes influence the bleeding
tendency of the patient is discussed in the following study.

Patients and Methods

Twenty-four patients of the Center for Hemophilia were examined:
Fifteen patients with severe hemophilia A (s.H.A.)

¢ Five patients with moderate hemophilia A (m.H.A.)

o Three patients with severe hemophilia B (s.H.B.)

e One patient with vWD type III

The tests were performed in the laboratory of the Institute for Clinical Chemistry at
the university. Only commercially available tests were used. Apart from determining
global tests ART, PT, aPTT and thrombin time as well as fibrinogen and FVIII-inhi-
bitor, the following risk factors were tested: AT III, protein C, protein S (free and
total), plasminogen activity, activity of factor II and XII, lupus anticoagulants, anti-
cardiolipin antibodies (ACA), concentration of prothrombin fragment 1+2, concen-
tration of homocysteine, Factor V Leiden mutation (R506Q), prothrombin gene
mutation G20210 A.

Results

Only patients with results varying from the norm are presented (Table 1).
In a relatively high number of patients (13 of 24) changes were found. In most
cases, pathological changes were only slight or moderate. The most common change

1. Scharrer/W. Schramm (Ed.)
315t Hemophilia Symposium Hamburg 2000
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Table 1. Results

Patient Diagnosis Factor V FII gene Free FXII ACA
Leiden mutation  protein § activity

ET. s.H.A. 48 U/ml

ED. s.H.A. 50% 50%

G.D. s.H.B. 48%

H.T. m.H.A. Proved

L.M. s.H.A. 50% 39%

M.D. s.H.A. 58% 55%

M.M. s.H.A. 61%

M.K. s.H.A. 39%

M.N. m.H.A. Proved

0.0. s.H.A. 53%

S.S. s.H.A. 67%

S.E s.H.A. 50% 55 U/ml

W.M. s.H.A. 55% 46%

was a F XII-decrease. It was found in eight patients. This result is not surprising as
a combination of FVIII and FXII decrease is quite frequently found. Decreased
protein S was determined in six patients. An increase in anticardiolipin antibodies
~ as found in two patients - may be due to a previous infection. Factor V Leiden
mutation and a mutation in the prothrombin gene were only found in one patient
respectively. We did not find any connection between the described results and the
bleeding tendency or the use of clotting factor concentrates. The two above named
mutations were found in two patients with hemophilia A of a moderate type, whose
bleeding tendency is usually not very pronounced.

Conclusion

Twenty-four patients with severe or moderate congenital bleeding disorders were
examined for thrombophilic risk factors. In 54% of all examined patients changes
were found, but only low levels. We were not able to determine a clinical signifi-
cance.
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Status of Pain in Patients
with severe Haemophilic Arthropathies

T. WALLNY, L. HEss, A. SEUSER, H.H. BRACKMANN and C.N. KRAFT

Introduction

Patients diagnosed with haemophilia A before the era of home infusion frequently
suffered from severe haemarthropathies. Although it is appreciated that the entity
may be associated with pain and deformities, data on the degree of discomfort these
disorders cause and the subsequent implications for the haemophiliac do to our
knowledge as yet not exist. The aim of our study was therefore to describe the
importance of arthritic pain for the haemophiliac and to evaluate the effects of non-
surgical treatment methods on the quality of life.

Patients and Method

In 1999, using a questionnaire, we consulted 71 patients suffering from severe
haemophilia A (Factor VIII activity <1%) regarding complaints associated with the
musculo-skeletal system and the outcome of therapeutic measures taken to allevia-
te painful joint conditions. Pain in the large joints and the spine was estimated by
means of a visual analogous scale (VAS), which ranges from 0-10, 0 being com-
pletely pain-free and 10 being the worst pain the patient can imagine. The ques-
tionnaire differentiated between regions of serious pain (main regions of pain) and
regions of minor pain or slight discomfort (minor regions of pain). Furthermore,
patients were asked to subjectively describe the effects of drug treatment and
physical measures specifically prescribed to combat joint pain. A further aspect we
evaluated was whether the patients’ social status was subject to change because of
their pain-status or skeletal deformities.

The average age at the time of evaluation was 43,2 years (range: 21-63 years).
78.8% (56/71) of the patients questioned worked full-time, while 21.1% (n=15) were
pensioners because of their arthropathies. 87.3% (62/71) of the collective were on
prophylactic treatment, meaning that these patients injected at least 3000 IU Factor
VIII per week.

Results

Patients claimed to on average have four joints which caused severe pain (main
regions of pain) and on average 0,5 joints were defined as minor regions of pain.
Back pain distressed ten patients {14.1%), two as the main region of pain, eight as a
minor pain region. Main regions of pain were most frequently localised in the ankle

1. Scharrer/W. Schramm (Ed.)
31st Hemophilia Symposium Hamburg 2000
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Fig. 1. Painful regions

(45.1%, n=32), followed by the knee (39.4%, n=28) and the elbow joint (7.0%, n=5)
(Fig. 1). The most frequently mentioned type of pain was pain of a dull, persistent
nature, stabbing pain and sudden-onset pain.

Most of the haemophiliacs interviewed suffered from painful arthropathies in
more than one joint. While only 1.4% (n=1) claimed to have one painful joint, 14.1%
(10/71) experienced two painful regions and 43,7% (31/71) up to four pain regions.
28.2% (20/71) of the patients stated that they have six and as many as 12.7% (9/71)
claimed to suffer from more than six severely painful joints (Fig. 2).

The subjective evaluation on the visual analogue scale averaged five points for
the main regions of pain and four points for the minor regions of pain. The elbow
joint was subjectively found to be the most painful joint, followed by the ankle and
then the knee joint.

The frequency with which the use of Factor VIII was associated with a subjec-
tive subsidence of joint pain was particularly astonishing: 49.3% (n=35) of our pati-
ents claimed to have pain during the course of the day when no medication was
taken, 28.2% (n=20) patients stated that the pain persisted despite the use of Factor
VIII and 15.4% (n=11) gave no relief despite the use of Factor VIII and analgetic
drugs (see Table 1).

Fig. 2. Number of painful regions
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Table 1. Pain and medication

Pain all day long without any medication

Yes 49% (n=35)

Sometimes 30% (n=21)

No 21% (n=15)
Pain all day long with factor

Yes 28% (n=20)

Sometimes 34% (n=24)

No 38% (n=27)
Pain all day long with painkillers and Factor VIII

Yes 15% (n=11)

Sometimes 34% (n=24)

No 51% (n=36)

Some 88.7% (n=63) declared that they are significantly encumbered in the
activities of daily life because of constant or recurring pain and 84.5% (n=60)
disclosed that their quality of life was moderate due to frequently being in low
spirits.

To alleviate pain, patients reported using Factor VIII concentrate, non-steroidal
antirheumatic drugs (NSAR), modified orthopaedic shoes, ointments for local
application and stabilising bandages (listed in descending frequency; Fig. 3). The
most frequently used NSAR were acemetacin and diclofenac. 76.1% (n=>54) of all
patients needed analgetic medication, only 44.4% (24/54) of these between once to
three times per day daily. Of the 54 patients taking analgetic medication regularly
17 (31.5%) were of the opinion that pain was not sufficiently curbed by their
medication.

Fig. 3. Type of treatment performed (multiple statements possible)
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Discussion

Pain is of particular relevance in the daily life of an haemophiliac. Even haemophilic
children, growing up in the era of early prophylaxis usually had some form of expe-
rience with painful joints [1]. As newer data published by Aznar et al. [2] emphasise,
arthropathically afflicted joints do not necessarily have to be painful. On the other
hand it should be considered that sufficient pain therapy is compulsory because
pain will lead to a vicious circle with false movements, increased loading of the
joints, more bleeding episodes and more pain.

Yet our results underline that therapy for painful symptoms from arthropathies
is frequently insufficient. We were surprised to find that although patients regularly
attended consultations (average 3-4 times per year) in our Haemophilia Care Unit,
almost one-quarter claimed that the pain therapy was inadequate. We believe that
by use of a pain questionnaire a tool is at hand which allows early acknowledgement
of the patient’s pain status and the possibility of offering an adequate and differen-
tiated therapy.

Further therapeutical potential arises by using such a procedure: being urged to
consider and confront his symptoms, the haemophiliac may learn to mentally cope
more adequately with his handicap and pain status. Bradley et al. [3] were able to
show a positive effect of cognitive behaviour therapy on the management of arthri-
tis pain. Varni et al. [4] report on a drug-abusing haemophiliac in whom the intake
of analgesics could significantly be lowered solely by means of behavioural treat-
ment.

The axial skeleton of the haemophiliac is rarely involved in episodes of bleeding,
primarily due to the relatively small amounts of synovial tissue present. Because of
the frequently observed biomechanical changes in severe haemophilic arthropathy
caused by leg-length discrepancies, malalignment of leg axis, distortion of the pelvis
and hyperlordosis due to flexion-contractures of the hip, secondary lower back pain
would nonetheless be expected in these patients. Only 14.1% (10/71) of our patients
claimed to suffer from any back pain at all, and interestingly, the majority of these
described the back as a »minor region of pain«. Why the haemophiliac’s subjective
perception of back pain remains secondary and is pushed into the background
cannot conclusively be answered by this study. There may possibly be a haemo-
philiac-typical management of pain processing, which no longer lets the patient
perceive regions of low-intensity pain as being disturbing.

We found the amount of patients associating an analgesic effect with the use of
Factor VIII noteworthy. It is recognized that the regular i.v. application of factor
concentration significantly reduces the risk of joint bleeding [5]. Yet the arthro-
pathic pain from so-called »burnt-out« joints is seldom caused by acute bleeding.
Particularly in the chronic pain-plagued patient and even more so in the haemo-
philiac with a long-standing history of the disease, a psychological factor cannot
be denied. Nonetheless, further studies to determine the pathophysiological and
pharmacological effects of a possible analgesic effect of Factor VIII seem worth-
while.
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Conclusion

Haemophiliacs (Factor VIII activity <1%) suffering from haemarthropathic chan-
ges due to poor childhood and adolescent haematogical observation and substitu-
tion, should be accepted as and treated like chronic pain-plagued patients. By
means of a self-assessment questionnaire particularly those individuals not able to
adequately articulate their pain status when consulting their regular physician can
be revealed.
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Results of a Five-Year Clinical Study with a B-domain Deleted
FVIII Concentrate (rFVIII-SQ)

H. POLLMANN, H. RICHTER and the rFVIII-SQ Study Group

Introduction

During the 1980s the first steps towards the development of recombinant factor VIII
were taken. In 1984, various study groups described the structure of the factor VIII
gene [10,23,25]. Several formulations of full-length recombinant factor VIII were
developed by different manufacturers.

A common feature of both products is the full length of the factor VIII molecu-
le, including all six domains. For stabilization human plasma derived albumin is
used.

In 1988 the first clinical trial with recombinant FVIII for previously treated
patients (PTPs) started. In 1989 (Kogenate [14]) and 1990 (Recombinate [6]) the
first studies in previously untreated patients (PUPs) started. All studies showed
excellent results regarding viral safety, efficacy and immunogenicity. As expected
there were no cases of viral transmission in any of the studies. Sometimes it was
claimed that the frequency of inhibitor development might be higher for recom-
binant products than for plasma derived products, but recent studies revealed that
this is not the case [1, 7]. In addition, in about half of the PUPs who developed an
inhibitor in studies with recombinant factor VIII, the inhibitor was transient,
showed no clinical relevance and disappeared without a change in the therapeutic
regime.

In recent years the interest in hemophilia treatment has focused on viral safety.
Although the viruses with major importance like HIV and hepatitis seem to be dis-
abled by the current virus-inactivation steps, other viruses like Parvovirus B 19
might survive and still be transmitted by plasma derived products. Some publi-
cations reported the presence of this virus even in recombinant factor VIII products
[8,12]. Another topic in this debate is the possible transmission of prions, an agent
which is supposed to be responsible for the new forms of Creutzfeldt-Jakob disease
and bovine spongiform encephalopathy (BSE). This is underlined by a recent publi-
cation on the transmission of BSE by blood transfusion in sheep [11]. It might be
possible that human blood products or other substances (like bovine insulin or calf
serum) that are used for cell culture of Chinese hamster ovary cells or baby hamster
kidney cells might infect the cell cultures with the disease, ending in the production
of factor VIII contaminated with infectious agents [2].

However, the greatest risk seems to be the fact that most currently available
recombinant factor VIII formulations still contain large amounts of human proteins

1. Scharrer/W. Schramm (Ed.)
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from pooled human donor plasma. The addition of human albumin for stabili-
zation is always a potential infection risk factor. This led to the development of a
new generation of recombinant factor VIII which is stabilized without any human
substances. Thus a smaller reconstitution volume is achieved. The top of the actual
development is the B-domain deleted recombinant factor VIII molecule rFVIII-SQ
which is distributed by Wyeth-Pharma, Miinster, Germany with the trade name
ReFacto. Several studies since its introduction in 1993 have proved its safety and
efficacy.

Biochemical Characteristics of B-domain Deleted rFVIII-SQ

Normal factor VIII consists of six domains, called A1-A2-B-A3-C1-C2. For blood
clotting effects the B-domain is not necessary. So in rFVIII-SQ the B-domain is eli-
minated by a fusion of the bases Ser743 and Glu1638. For further details see Fig. 1.

The molecular weight of rFVIII-SQ is 170 kDa, composed of a 90 kDa heavy
chain and a 80 kDa light chain, which are bound in a non-covalent metal ion bin-
ding. Together they constitute the smallest part of naturally occurring active factor
VIIL The structural and functional features of the rFVIII-SQ molecule are nearly
equivalent to those of plasma derived FVIIL It has a normal interaction with vWF
and thrombin, showing no difference in the mode of interaction. With respect to the
interaction with factor Ila, Xa and activated protein C the same functional pro-
perties have been found [13,18,19].

The specific activity of this product is 15,000 IU/mg protein in comparison with
4-7,000 IU/mg protein in other rFVIII-formulations, prior to the addition of albu-
min [5].

According to the manufacturer, the potency of rFVIII-SQ should be assayed with
the chromogenic assay, since one-stage assays often understate the real potency.
This phenomenon is also known for other highly-purified FVIII preparations, but
seems to be especially increased for B-domain deleted rFVIII [3, 4, 15].

Fig. 1. The B-domain deleted factor VIII molecule
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Manufacturing Process

The rFVIII-SQ is produced in Chinese hamster ovary cells, which are being cultu-
red in a medium which contains human serum albumin. The purification process
starts with a cationic exchange-chromatography followed by virus-inactivation
with a solvent-detergent step using Tri-n-butyl phosphate and Triton-X-100.
Immunoaffinity chromatography using murine anti-factor VIII monoclonal antibo-
dies follows (Fig. 2).

Anionic exchange-chromatography as well as hydrophobic interaction chroma-
tography and gel permeation chromatography are the final steps.

At the end of this purification cascade there is the final product in a formulation
which needs no stabilization with human serum albumin. As a result of this manu-
facturing process it does not contain any vWF. For stabilization polysorbate 80 is
added, as well as L-histidine, sucrose, sodium chloride and calcium chloride [22].

Fig. 2. The manufacturing process of
rFVIII-SQ (ReFacto)

Preclinical Studies
To prove the safety of rFVIII-SQ, preclinical studies have been performed in rats

and monkeys. The efficacy of this formulation was studied in hemophilic dogs
[16,20]. There was no difference between rFVIII-SQ and plasma derived FVIIL.

Study Design

For this open-labeled phase III study patients with severe hemophilia A
(FVIII<0.02 IU/ml) have been recruited in ten countries and at 37 hemophilia
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centers since 1993. Inclusion criteria were severe congenital hemophilia A
(VIIL:C <0.02 IU/ml), an age of 7 years or older and at least an average of 30
exposure days/year in the past.

A patient was excluded from participation in the study if he met one or more of
the following criteria: detectable inhibitors (=0.6 units according to the Bethesda
method), other coagulation disorders or history of severe adverse reactions to
factor VIII concentrates, abnormal renal function (creatinine >1.5 mg/dl), liver
cirrhosis or significant ALT increase, anemia (hemoglobin <12 g/dl) or platelet
count <75,000 cells/mm?, lymphocyte subset CD4 counts <300 cells/pl, ethanol or
drug abuse or any other condition that may affect patient compliance, participation
in another concomitant clinical study (except for the study of rFVIII-SQ in surgical
procedures), concomitant treatment with another non-registered drug or other
factor VIII-containing products, concomitant treatment with immunomodulating
drugs such as interferon or intravenous immunoglobulin (IVIG) - exception: anti-
retroviral therapy was allowed, body weight >100 kg.

rFVIII-SQ was administered as a prophylactic treatment two to three times a
week or as on-demand treatment for bleeding episodes, due to trauma or not. Doses
were individually adapted and determined on the basis of previously known
response to treatment, usually 20-40 IU/kg at each infusion. Patients recorded each
bleeding episode number, infusion number, the time the bleeding episode was
first observed, the time of the infusion, the site of each bleeding, the amount of
rFVIII-SQ given, the reason for the infusion, any concomitant medication, reactions
to the infusions, the patients’ comments about the infusion, and assessment of
hemostasis. When treatment was administered at the study center, the patient and
investigator made the assessment together. Half-life and recovery have been studied
in the patients at the first treatment episode and after 6, 12, 18 and 24 months of
treatment following the guidelines of Morfini et al. [17]. To eliminate effects from
earlier infusions a washout period of 3 days applied. Every 3 months the develop-
ment of an inhibitor was monitored by Bethesda and ELISA methods. Also the viral
safety parameters have been checked every 3 months for the occurrence of hepati-
tis A, B and C and HIV 1 and 2. Both patient and treating physician had to evaluate
the efficacy of rFVIII-SQ when reporting on an injection. Side effects and serious
adverse events have been documented carefully.

Results

Overall 113 of 116 patients received the study drug.

Efficacy Results

The 113 PTPs received a total of 32,857 rFVIII-SQ infusions ranging from 4 to 1,530
infusions per patient (median 234) for a cumulative of 68,856,687 IU injected.
Whether one or more infusions were required for a bleeding event, the mean dose
of rFVIII-SQ for every infusion remained relatively stable during the study period.



190 H. Pollmann et al.

half-life at treat-
12

This corresponds to the pharmacokinetic evaluation carried out in treatment
months one and twelve. At the beginning of the treatment as well as after 12 months
of regular treatment with rFVIII-SQ there was no difference in the recovery and
half-life. As can be seen in Fig. 3 the decay curves of the factor VIII activity do not
show any significant difference. After 12 months of treatment the recovery re-
mained at a value of 118% (+-17), corresponding to the beginning of the treatment.
In an earlier study the bioequivalence of rFVIII-SQ was compared with a plasma
derived factor VIII concentrate (Octonativ M) in a single, blind, randomized cross-
over study. The patients received about 50 IU/kg bw, adjusted to the nearest package
size. The recovery was 111% (+14) in plasma derived FVIIIL. The half-life of rFVIII-
SQ in the PTP-study was 14.1 h (£4.5), while plasma derived FVIII had a half-life of
13.1 h (#3.5) in the previous study. Further details on the pharmacokinetics are
shown in Table 1.

The efficacy of a factor concentrate can be measured by the number of infusions
needed to stop a bleeding event. Overall 7,310 bleeding episodes were treated with
rFVIII-SQ. Eighty percent (5,805/7,310) of the bleeding episodes occurred in joints.

In 719% (5,208 bleeding episodes) one single infusion stopped the bleeding. After
the first follow-up substitution another 16% (1,174 out of 7,310 bleeding episodes)
were treated successfully. For 6% (461 out of 7,310 bleeding episodes) a total of

Table 1. Pharmacokinetic parameters of rFVIII-SQ vs. pdFVIII

Parameter ReFacto pdFVIII
Elimination half-life (h)a 14.1+4.5 13.1435
Range 8.3-26.3 8.3-22.3
FVIII activity increase IU/dl per IU/kgab 2.410.4 2.31+0.3
Range 1.9-3.3 1.7-3.0
In vivo recovery (%)b 118+17 111+14
Range 93-153 85-142
aMean + SD

SFVIII activity determined by chromogenic assay
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Fig. 4. Number of substitutions per bleed

three substitutions were necessary. Ninety-three percent of all bleeding episodes
required not more than three substitutions. Only 3% (205 out of 7,310 bleeding epi-
sodes) required more than five substitutions, with several surgical procedures
included. Further details are given in Fig. 4.

The mean number of infusions per bleeding episode was less than 2.5 for each
year (range 2.0 to 2.4). In addition, the percentage of patients rating the infusions as
»excellent« or »good« was similar over the course of the 5 years (range 92% to 96%).

The infusion dose for < 1% (30/7,300) of bleeding episodes was <10 IU/kg, while
the dose for 75% (5,478/7,300) of bleeding episodes was >10 to 40 IU/kg, and 25%
(1,792/7,300) of bleeding episodes was >40 IU/kg. The percentage of bleeding epi-
sodes resolved with one infusion by dose group (<10 IU/kg; 210 to <40 IU/kg;
>40 1U/kg) ranged from 57% to 80%.

Approximately 95% of the infusions (11,655/12,268) were assessed for hemo-
static efficacy. Overall, 92% (10,723/11,655) of the infusions were rated by the
patient or the investigator as providing »excellent« or »good« response. Figure 5
gives an overview on the rating of efficacy.

Similarly, the response in each of the bleeding sites (joint, muscle/soft
tissue/unspecified, and other specified tissues) was consistent with the overall
summary assessment, with 86% or more of the responses rated as »excellent« or
»goodc.

When the hemostatic efficacy was assessed in relation to the number of infu-
sions required to treat a bleeding episode, the more infusions a bleeding episode
required, the higher the incidence of »fair« or »no response« ratings. Approximately
98% of the responses for bleeding episodes requiring one infusion were rated as
»excellent« or »good,« whereas only 70% of bleeding episodes requiring more than
infusions were rated as »excellent« or »good.«

The majority of the ratings of usefulness of rFVIII-SQ treatment over time by
both patients (99%, 1204/1222) and investigators (99%, 1214/1226) were rated »very
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Fig. 5. Rating of efficacy

useful« or »useful.« For patients there were only 16 ratings (1%) of »slightly useful«
and 2 ratings (<1 %) of »useless«. For investigators, there were only 12 ratings (<1 %)
of »slightly useful« and no rating of »useless«.

A total of 77 patients received prophylaxis during the study. A subset of these
patients who had also received prophylactic treatment in the year prior to the study
had fewer bleeding episodes per year (10/year) than those who had not received
prophylaxis treatment in the year prior to the study (15/year). Nine of the 77 (12%)
patients treated on a prophylactic regimen did not report any bleeding episodes.

When the 77 patients receiving routine prophylaxis were analyzed based on the
continuous duration of prophylaxis, there was a reduction in bleeding episodes,
irrespective of dose, in the patients treated with 1 continuous year of prophylaxis,
compared with patients treated on demand. In patients treated for 2 to 4 continuous
years of prophylaxis, irrespective of dose, the rate of bleeding episodes per patient
ranged from 1.0 to 3.7 per year.

When the numbers of breakthrough bleeding episodes per year were compared,
patients receiving 2, 3 and >3 prophylaxis treatments per week experienced similar
numbers of episodes (10/year, 10/year and 11/year, respectively). Patients receiving
one prophylactic treatment per week had a rate of 21 breakthrough bleeding epi-
sodes per year. There is no difference in the rate of bleeding episodes per year when
looking at dose per infusion.

Of the 113 patients who received the study drug, 27 were enrolled in an additio-
nal surgery study and underwent a total of 37 surgeries. Twenty-two of the 27 PTPs
had 27 surgical procedures related to joints (knee, elbow, hip, ankle and toes). The
most common single surgical procedure was total knee replacement (five patients).
A total of 28 PTPs who had 34 surgeries were not included in the surgery protocol.
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The most common surgeries included 13 dental procedures in 12 patients, radio-
active synovectomies in four patients, ERCPs in two patients and appendectomies
in two patients. A further 16 patients had 23 diagnostic and other simple procedures
(i.e. dental treatment, coloscopy, endoscopy, arthroscopy and minor orthopedic
surgery) and were treated with a total of between 1,500 IU and 161,082 IU
rFVIII-SQ. Blood loss and the need for factor during surgery were rated as adequate
to the type of surgery in all cases.

Safety Results

Fourteen patients were withdrawn from the study. Three of the 14 patients were
withdrawn before receiving rFVIII-SQ treatment. One of the 14 patients withdrew
due to inhibitor development associated with a monoclonal gammopathy.

Overall a total of 1027 adverse events was reported in 104 patients, most of them
without any relation to the study drug. In 31 patients 70 adverse events (AEs) were
reported to have a possible or probable relationship to the study drug. Most com-
mon was nausea in 11 cases, followed by headache in seven cases. Dyspnea and
vasodilatation appeared in five cases. Other AEs included taste perversion, asthenia,
dizziness, angina pectoris and anorexia.

There were a total of 84 serious adverse events reported in 39 patients. Five SAEs
in three patients were thought to be possibly related to the study drug (ALT and AST
increase, pain in little finger, weakness on adduction/abduction, bleeding from
wound, infected hematoma).

The transmission of infective agents like HIV and hepatitis viruses did not
occur during treatment with rFVIII-SQ.

Two deaths occurred, both of which were rated by the investigator as having an
unlikely relationship to rFVIII-SQ, as they were related to end-stage AIDS. Both
patients were HIV antibody- and hepatitis C antibody-positive when they enrolled
in the study.

Conclusions

The second generation of recombinant factor VIII, the B-domain deleted rFVIII-SQ
has been undergoing clinical trials since May 1993 and has been released for public
use since 1999 in the European Union.

The hemostatic efficacy of rFVIII-SQ was proven in several clinical trials.
During the reported study on PTPs 93% of all bleeding episodes were treated suc-
cessfully with three or less substitutions. This is within the expected range of either
plasma derived or recombinant factor VIII products. The safety report is excellent,
adverse events occurred in less than 0.2% of injections, all of them being reported
to be mild to moderate. A transmission of viral infections did not occur during
treatment with rFVIII-SQ.

The development of inhibitors occurred in PTPs only as one single event in a
54-year-old hemophiliac with a monoclonal gammopathy. As this disease is asso-
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Table 2. Comparison of inhibitor development

Kogenate Recombinate ReFacto

Inhibitor incidence (severe cases only) 18/64 (28.1%) 22/72 (30.6%) 30/103 (29%)
Surveillance period 1/89-6/96 7/90-10/96 7/94-9/99

Mean rFVIII exposition until inhibitor 9 (3-41) 10 (3-69) 12 (3-212)
detection (days)

Formation of inhibitors in high responders 10/64 (15.6%) 7/72 (9.7%) 16/103 (15%)
(titer 25 B.U. with ReFacto)

Immunotolerance induction 8 (5 successful) 6 (3 successful) 14 (9 successful)

ciated with the development of various autoantibodies, there is no evidence of anti-
body formation due to the factor VIII formulation. As inhibitors in PTPs are gene-
rally rare, a look at the study on PUPs might be more interesting. Under treatment
with rFVIII-SQ 30 out of 103 patients (=29%) developed inhibitors. In full length
formulations of recombinant factor VIII an inhibitor development of 28.1% and
30.6% has been reported [6, 14]. A comparison of inhibitor development for the
various recombinant factor VIII formulations is given in Table 2.

Therefore the incidence of inhibitors seems to be the same in all known recom-
binant factor VIII products. Moreover, after 1 year of treatment with rFVIII-SQ, the
recovery corresponded to that at the beginning of the study. This proves that there
is no loss of activity of the formulation due to unwanted side effects like inhibitor
development.

rFVIII-SQ is the smallest known active molecule of factor VIII and is therefore
better defined than the full length formulations. While other recombinant factor
VIII products still need albumin from human pooled plasma, the formulation of
rFVIII-SQ is stabilized with polysaccharides, so that another theoretical infection
risk is excluded. Especially children benefit from the high virus safety and the
exclusion of all contents of human origin. Several organizations concerned with
hemophilia treatment like the UK Hemophilia Centre Directors’ Executive Com-
mittee [24] or the Italian Association of Hemophilia Centres [21] recommend the
exclusive use of recombinant factor products in children for this reason. First prio-
rity in treatment with recombinant products should be given to PUPs [9], as they
have never been exposed to infectious agents by plasma derived products before.

In the final evaluation 99% of both investigators and patients reported rFVIII-
SQ to be »very useful« or »usefulg, so that rFVIII-SQ is a valuable alternative for
hemophilia treatment.

The rFVIII-SQ Study Group. Arkin S, Auerswald G, Barthels M, Battle-Fonrodona J,
Berntorp E, de Biasi R, Brackmann HH, Dechavanne M, Derlon A, Ellbriick D,
Gazengel C, Gill ], Henrichs C, Hoots WK, Ingerslev ], Kessler CM, Kreuz W, Laurian
Y, Lechner K, Ludlam C, Lusher J, Mannucci P, Magallon-Martinez M, Mayne E,
Monteagudo-Terres ], Morfini M, Philipp C, Pollmann H, Potron G, Savidge G,
Schulman S, Shapiro A, ten Cate JW, Toh CH, Tusell-Puigbert JM, Wenzel E, White G
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Study Centers. 37 Centers in total: 8 Centers in US, 29 Centers in Europe: Germany
(8), France (5), Spain (4), United Kingdom (4), Italy (3), Sweden (2), Austria (1),
Denmark (1), Holland (1)
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Outpatient Treatment with Radiosynoviorthesis
in Hemophiliac Arthropathy

D. Lasovic, G. TONSHOFF, M. FINK, A. ROSENSTOCK, A. GANSER
and M. voN DEPKA PRONDZINSKI

Purpose

Characteristics of hemophilic arthropathy are recurrent bleedings, chronic syno-
vitis and osteochondral destruction. Prophylactic treatment to prevent intra-
articular bleeding is essential. If chronic arthritis has already occurred, operative
treatment is considered. Alternatively radiosynoviorthesis (RSO) is discussed. We
investigated the effect of outpatient treatment with RSO on advanced hemophilic
arthropathic joints.

Methods

From 1996 to 1999 we saw 48 patients with hemophilic arthropathy in our inter-
disciplinary consulting hours. In 16 joints the symptoms matched our criteria for
RSO. It was done in an outpatient procedure with Yttrium-90 or Rhenium-186 after
clinical, sonographic, radiographic and scintigraphic evaluation (Table 1). The
after-treatment consisted of 48 h of restricted activity, antiphlogistics and 5 days of
factor substitution.

Results

Synovitis and frequency of bleeding could be reduced or totally suppressed in all
joints (Table 1). Reduction in pain was seen as a major advantage. Complications
occurred in one shoulder in the form of a burn as a result of disregarding the direct-
ed after-treatment and in one knee due to progressive destruction by overuse.

Conclusions

RSO is usually used for the treatment of hemophilic synovitis to avoid progressive
arthropathy with good results. RSO seems also to be a favorable alternative to
operative procedures, even in some cases of advanced hemophilic arthropathy
(Figs. 1 and 2). It can be done in an outpatient procedure if the compliance is satis-
factory and it is cost effective because it reduces the need for factor substitution.
It does not reduce the progression of joint destruction but does lead to a reduction
in symptoms, especially in pain and joint bleedings.

L. Scharrer/W. Schramm (Ed.)
31t Hemophilia Symposium Hamburg 2000
© Springer-Verlag Berlin Heidelberg 2002
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Table 1. Summary of data

Period
No. of patients
Seen
Selected
Age (median and range, years)
Hemophilia
A
B
Joints
Shoulder
Elbow
Wrist
Knee
Ankle
RSO technique
Knee
Other
Indication
Bleeding frequency
Chronic synovitis
Arthropathy
Petterson score
Results
Bleeding frequency
None
Reduced
Assessment

12/96-12/99

48

9
40 (30-56)

7 (<1%)

2 (3%, 8%)
16

2

4

1

5

4
Y90 180 MBq
Rel86 70 MBq
>3/year
>3 months
>grade IV
>8
14

2
Good to very good

Fig. 1. RSO of the left knee in a 35-year-old  Fig. 2. RSO of the right shoulder in a 54-year-

patient with severe hemophilia A old patient with severe hemophilia A



Requirements for Future Hemophilia Treatment
from the Patients’ Point of View

G. SCHELLE, W. BREUER, G. BroiL and D. HOHMANN

Introduction

Our intention is to look at the requirements for future hemophilia treatment from
the patients’ point of view.

For that purpose, we developed a questionnaire that was sent to 750 members of
our patient organization and also to patients of hemophilia treatment centers.

We asked what was good and where there was room for improvement; further-
more, what requirements there were for hemophilia treatment, for running a hemo-
philia treatment center, for the coagulation products and finally for recombinant
technology and gene therapy.

With this survey, we intend to evaluate the status quo; furthermore, we would
like to create a basis which enables us to start a discussion with attending physicians
as well as with manufacturers, third party payers and politicians in order to
preserve the current status of hemophilia treatment in the future.

Statistics

174 (23.5%) questionnaires were completed.

Gender
Male 85.1%

Female 14.9%

Severity of disease:
Severe 70.3%
Moderate 17.6%
Mild 8.5%

Groups of participants (%)
Hemophiliac 82.4%
Family member 12.2%
von Willebrand’s disease 5.4%
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Summary

Some 23.5% of all members and patients of treatment centers completed the
questionnaire. One striking fact is that participation was highest amongst elderly
patients with severe hemophilia, whereas only 12.2% of family members responded.

Evaluation of the results revealed that the majority of participants prefer treat-
ment in a hemophilia treatment center with a high reputation, whereas only 2.7%
consider treatment in a specialized practice to be sufficient. The reasons for that are
the necessity of the 24-h-availability of a physician, regular qualified examination
of joints and muscles, documentation of product batches, laboratory tests and good
cooperation with other faculties. As many as 68.9% of the patients sometimes travel
more than 200 km. What certainly plays a role here is trust in the treatment center
and its physicians, for it is noticeable that irrespective of the fact that 74.3% re-
quested standardized treatment regimens for all treatment centers, only about 20%
would change to a nearer center.

Treatment with factor concentrates is generally considered to be very safe. That
is to say, 58.1% regard recombinant products to be very safe, whereas only 24.3%
assume this for plasma products. When compared, there were usually no major
differences observed regarding outcome (factor consumption, duration of treat-
ment).

Increase in maximum storage temperature (47.2%) and half-life (73%) were the
most frequent answers to the question of what features the products should have.
Most participants in the survey (67.5%) desired oral application, i.e. tablets, as an
alternative to injections.

Despite the fact that high hopes are placed on gene therapy (cure!), at the
moment fears of as yet unknown associated adverse reactions due to the lack of
long-term experience still prevail.



Vic. Poster: Hemorrhagic Diathesis



Molecular Basis of von Willebrand Disease Type IIC Miami

R. SCHNEPPENHEIM, T. OBSER, J.U. WIEDING, F. BERGMANN, E. DREWKE,
B. LuxEMBURG and U. BUDDE

Introduction

Von Willebrand disease type 2 A, subtype IIC Miami (vWd IIC Miami) is characte-
rised by lack of von Willebrand factor (vWF) high molecular weight multimers
(HMWM) and the corresponding decrease in platelet dependent function. In con-
trast to conventional vWd type IIC, vWF:Ag is markedly elevated and inheritance is
described as dominant (3). The extreme discrepancy between elevated vWF:Ag and
decreased vWF functional activity is the diagnostic mainstay and can be explained
by the elevated concentration of functionally deficient vVWF low molecular weight
multimers and vWF dimers, represented by pronounced low molecular weight
electrophoretic bands. Instead of the normal triplet structure of vVWF oligomers
only single bands are displayed by electrophoresis (Fig. 1).

Fig. 1. Von Willebrand factor
multimere analysis of a patient (P)
with vWd IIC Miami compared
with normal controls (N). Note the
lack of HMWM, lack of a defined
triplet structure and the pro-
nounced lower bands that corres-
pond to low molecular weight
multimeres and the dimer
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Earlier attempts to identify the underlying molecular defect were not successful.
In particular, in the region of the vWF pro-peptide, where mutations causing vWd
IIC are clustered, no mutations were detected. We report on our molecular study of
a family with several affected members and a single unrelated patient with vWd IIC
Miami.

Patients, Materials and Methods
Patients

Three generations of a family were available for our study. Among them, eight affec-
ted members were identified. DNA samples were available from six patients. An
additional unrelated patient from a second family was also analyzed. Hemorrhagic
symptoms in the patients mainly occurred under surgery. Spontaneous bleeding
was absent. In all patients investigated the discrepancy between elevated vVWF:Ag
and decreased vWF collagen binding activity (vWF:CB) was present. Multimer ana-
lysis was consistent with the vWd IIC phenotype (Fig. 1). The pedigree confirmed
the reported dominant inheritance (Fig. 2). In the index patient (II-2) vertebral disc
surgery was uneventful after infusion of DDAVP. A brother of the patient (I1-4) had
to undergo neurosurgery which required optimal hemostasis. Therefore, vVWF
replacement therapy by a FVIII/vWF concentrate (Haemate HS) was the treatment
of choice. Under continuous substitution therapy no serious bleeding complicated
surgery. Postoperatively at day 8, when substitution was paused, intracerebral bleed-

-
N
w

Fig. 2. Pedigree of the family with vWd IIC Miami. The arrow points to the index patient
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ing occurred which persisted in spite of high dose substitution therapy. In this
situation vWF:Ag was 710%, however, vWF collagen binding activity (vWF:CB) was
relatively low with 94%.

Diagnosis of vWd

Conventional diagnostic tests were carried out in a reference laboratory (U. Budde)
with patient’s plasma (0.011 M trisodium citrate) and platelets. The leukocyte buffy
coat was separated from whole citrated blood after differential centrifugation, then
stored at —20°C for subsequent DNA extraction. The following standard parameters
were obtained for each patient: FVIII:C, vWF:Ag and Ristocetin-Cofactor or
vWF:CB (1). Multimer analysis was performed in SDS-agarose electrophoresis gels
(5) with luminescent visualisation (6).

Molecular Studies

High molecular weight genomic DNA from patients II-2, II-4, I1-6, I11-1, ITI-4, IV-1,
VH and unaffected family members was prepared from frozen buffy coats by stan-
dard techniques and used in the amplification of vVWF gene sequences by PCR. PCR
was performed in the Trio-Thermoblock (Biometra, Gottingen, Germany) using
reagents and Taq polymerase from GIBCO/BRL. The mutation screening was car-
ried out through amplification of single exons flanked by sufficient intron sequen-
ces to also allow detection of splice site mutations (7). All PCR products were
sequenced by using 33P-labeled ddANTP terminators (Amersham, Braunschweig,
Germany).

Results

Diagnostic VWF parameters of the available patients are given in Table 1. The
decreased ratio of vWF:CB to vVWEF:Ag is seen in all patients. Compared with the
other patients, VWF:CB of patient VH was relatively high. By our molecular studies
we identified a candidate mutation 3296G>A in exon 26 (Fig. 3), predicting the
exchange of cysteine 1099 to tyrosine (C1099Y). This mutation was detected in all

Table 1. vWF parameters of the patients who are included in our study. Patient numbers cor-
respond to those in the pedigree (Fig. 2)

Parameter Patient

II-2 Ii-4 Ii-6 II-8 IiI-1 IiI-4 Iv-1 VH
vWEF:Ag (%) 225 710 170 156 164 225 221 153
vWF:CB (%) 19 94 3 4 14 19 14 56

Ratio CB/Ag 0.08 0.13 0.02 0.03 0.09 0.08 0.06 0.37
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Fig. 3. Sequence analysis of exon 26 that harbors the candidate mutation 3296G>A (C1099Y)
compared with a normal control. The arrow points to the heterozygous mutation

patients studied, but not in their unaffected family members nor in 50 normal con-
trols. It is located in the D3 domain of vWF where probably several cysteines are
involved in the multimerization process, which provides evidence that C1099Y indi-
rectly or directly impairs vWF multimerization.

Discussion

VWA IIC Miami is a peculiar subtype which might escape the screening of vWd in
patients with a bleeding tendency, if only vWF:Ag is used as a screening test. This
suggests the possibility of under-diagnosis of vWd IIC Miami. Actually, we have
identified another four families with elevated vWF:Ag and a decrease in HMWM
and vWF:CB to date which are under study now. The correct diagnosis is important
since replacement therapy with adequate vWF concentrates does not guarantee ces-
sation of bleeding. It is possible that the patient’s highly abundant aberrant vWF
inhibits adhesion and aggregation of platelets by competing with the normal vWF
from concentrates. This observation in one of the patients requires further clinical
studies.

As the result of our molecular study of two families with vWd IIC Miami, we
identified the first candidate mutation (C1099Y) in this particular subtype.
Although the same mutation was detected in both families the ratio of
vWF:CB/vWEF:Ag was considerably higher in the single patient VH from the second
family. This suggests that other factors might modify the particular phenotype.

The nature of this cysteine mutation suggests an impairment of the multime-
rization process located in the D3 domain of vWE since several cysteines in this
domain contribute to the intersubunit disulfide bonding at the amino-termini of
vWF dimers (4, 2). This mechanism would be analogue to the dimerization defects
identified in vWd 2 A subtype IID (7, 8). To date no data are available to explain the
elevated vVWF:Ag in vWd IIC Miami. It seems possible that the underlying mutati-
ons correlate with an elevated expression of mutant vWF. Another possibility could
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be a decreased clearance from the circulation either by non-usage due to its func-
tional deficit or due to resistance against proteolysis which has been reported for
vWF in conventional vWd type IIC (9). Both explanations can only be verified by
expression experiments which are currently in progress.
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Hemorrhagic Diathesis through acquired Factor XIll Inhibitor

E. STRASSER, R. ZIMMERMANN, B. NEIDHARDT, B. MANGER, I. SCHARRER,
V. WE1sBACH and R. ECKSTEIN

Factor XIII inhibitor, a rare cause of coagulopathy, is usually not detected by screen-
ing tests, e.g. activated partial thromboplastin time (aPTT) and thromboplastin time
(PT) (1). The following report describes the case of a patient with known Coombs-
reactive red cell autoantibodies. Factor XIII inhibitor was detected with delay be-
cause severe hemorrhagic diathesis was initially attributed to heavy trauma.

After a nocturnal collapse in his apartment a 86-year old man with chronic
nephropathy and coronary artery disease was admitted to the hospital with serious
symptoms, dyspnea, angina pectoris, pain in the right flank and extensive bleedings
from the skin. In the past history hematomas of the skin had been observed for
several months. During hospitalization a hematothorax, a hematoma of the Iliopsoas
and an extensive retroperitoneal hematoma were diagnosed and a hip fracture was
suspected. Extreme anemia with low hemoglobin levels (4.9 g/dl) was supposed to be
caused by bleeding combined with a hemolytic disease due to Coombs-reactive red
cell autoantibodies. The retroperitoneal hematoma was expanding and the demand
for red cell transfusions (4000 ml within 4 days) remained high. However, a hip frac-
ture could not be confirmed. Accordingly, there was a discrepancy between intensity
of trauma and severity of bleeding. A coagulation disorder was not detected since the
usual laboratory screening tests, aPTT and PT, showed normal results and the plate-
let aggregation tests did not indicate any sign of a platelet disorder. Further diagno-
stic procedures revealed an isolated reduction in factor XIII activity to 9%.
Substitution of factor XIII (Fibrogammin 7 HS) did not result in the expected increa-
se in factor XIII activity. Subsequently a factor XIII inhibitor (Titer 12.1 Bethesda
units) was found, which was thought to be an acquired one. The retroperitoneal
bleeding stopped under further substitution of factor XIII (dosage to 71 IU/kg
bw/day), though the patient showed only a comparatively low increase in the factor
XIII activity (10-15%) (Fig. 1). Further therapy, using immunoadsorption to protein
A and processing 8-10 1 of plasma a day, was tolerated well but no corresponding
increase in factor XIII had been observed after 3 days.

Unfortunately, the patient suddenly died of arrhythmic heart failure. The post-
mortem examination did not provide any information about the cause of factor XIII
inhibitors but acute bleeding as cause of death was excluded.

Acquired coagulopathy by a spontaneous factor XIII inhibitor is a very rare but
clinically serious coagulation disorder. The diagnosis requires the specific determi-
nation of factor XIII and factor XIII inhibitor. Global screening tests, e.g. PT and
aPTT, normally carried out on suspicion of coagulopathy, are unsuitable, since they

1. Scharrer/W. Schramm (Ed.)
31t Hemophilia Symposium Hamburg 2000
© Springer-Verlag Berlin Heidelberg 2002




Hemorrhagic Diathesis through acquired Factor XIII Inhibitor 209

40
35 Factor Vil substitution: ¥ = 25000 Fibrogammin HS

V¥ = 1250 U Fibrogammin HS
30 v v v v Immunoadsorption to
25 protein A

/\***

20
15 /j \ /’\.
0 4 e N ~ ~

5 Factor VIl inhibitor

o 1. | I TS UV N I S | I i1 1 i ? L TT 1 1 i 1 1 1 1 1 1 1 rl 1 i J

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Fig. 1. Factor XIII activity (%)

do not detect a factor XIII defect. In cases of factor XIII deficiency with an inade-
quate effect of factor XIII substitution a factor XIII inhibitor should be suspected.
Although factor XIII substitution did not lead to a dose-adequate increase in factor
XIII activity in this case, bleeding was stopped effectively. Similar observations had
been published by Dahly et al. (2).

Immunoadsorption to protein A did not lead to a marked increase in factor XIII
activity either. However, the shortness of time in our case does not allow a defini-
tive assessment of this method. According to the height of the inhibitor titer (here:
12.1 BU) a much longer therapy might be necessary (3,4). Various methods have
been successfully used for the elimination of these inhibitors (5,6). Due to the rarity
of this disorder established therapy guidelines are not available.

The reason for the development of factor XIII inhibitor could not be clarified in
this case. The coincidence of bleeding with Coombs-reactive red cell autoantibodies
suggests the presence of a systemic autoimmune disorder.
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Liver Transplantation in a Patient with severe
von Willebrand Disease Type 3:
Levels of von Willebrand Factor Following Transplantation

E.LECHLER and D. STIPPEL

Introduction

Severe von Willebrand disease type 3 (VWD type 3) is a very rare hereditary
haemorrhagic diathesis (0.5 to 5/1 million). The most important findings are a
(mostly) complete lack of von Willebrand factor (vWF) (functionally as well as anti-
gen), a severe reduction in factor VIII (FVIII) and a severely prolonged bleeding
time. The bleeding pattern is haemophilia-like with a preference for the mucous
membranes.

Patients previously treated with non-virus inactivated concentrates did run a
risk of viral hepatitis and of a hepato-cellular carcinoma.

We report on a patient with vWD type 3 who suffered from a liver cirrhosis
(Child A) and a hepato-cellular carcinoma who received a liver transplantation
(LTX). So far only one case of an LTX in a patient with vWD type 3 has been
reported on (Mannucci et al. 1991). In this patient vWF rose from 0.04 to 1.02% after
LTX. In our patient the vWF rose to considerably higher values.

Patient Background

In this patient, born in 1958, no Ristocetin cofactor activity (vWF:RiCof) and no
von Willebrand factor antigen (vWF:Ag) was detectable, FVIII was about 6% and
the bleeding time was above 15 min. There was a complete deficiency of all vWF
multimers in the Western blot (Fig. 1). The diagnosis vWD type 3 was supported by
the findings in his son with vWF:RiCof 50%, vWF:Ag 38% and FVIII 56.1% which
are compatible with heterozygosity for vWD type 3. The patient had frequent nose
bleeds, in recent years intestinal bleeds and since 1977 has undergone oral surgery
several times. In 1980 he had a right-sided nephrectomy and pyeloplasty of the left
kidney for stricture of the ureter outlet. For treatment, mostly on demand, cryo-
precipitate and FVIII concentrates with vWF were used with occasional blood
transfusions. In 1979 he was tested positive for hepatitis B and in 1991 for hepatitis
C infection (HIV negative). In a routine investigation in 1998 a hepato-cellular
carcinoma was suspected and histologically verified. The size and location of the
tumour necessitated an LTX.
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Fig. 1. Western blot of the patient presented: Lane 6
Liver Transplantation

An orthotopic LTX was performed on this 88-kg patient on March 2, 1999. He re-
ceived preoperatively 3000 U FVIII/VWF concentrate. The substitution was con-
tinued with perfusion of 500 U/h during the 5-h-operation. In addition seven
erythrocyte concentrates and seven fresh frozen plasmas were infused. The intra-
operative blood loss amounted to only 1500 mi, which is low for an LTX.
Substitution was continued up to the 15th postoperative day in a decreasing dosage.
The total consumption of concentrate amounted to 46,000 U.

The postoperative function of the transplanted liver was good (OT/PT maxi-
mum 286/466 U/1). A postoperative biliary leakage was controlled easily with an
endoprosthesis. The further course was characterized by a cholestasis which at the
beginning could not be explained histologically (increase in bilirubin up to
34 mg/dl). Finally, in a further liver biopsy an unusual progressive fibrosing chole-
static hepatitis was diagnosed which could not be controlled with interferon and
ribaverin therapy. The patient died 7!/2 months after LTX.
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Table 1. Course of vWF after LTX with and without substitution of FVIII/vWF

Date VWERiCof %  vWF:Ag % vWF:Ag % FVII:C % Substitution
(Laurell) (ELISA)

02.03.1999

3:50 a.m. 125.0 133.5 115.0 50.1 Yes

6:00 a.m. 150.0 159.0 155.0 56.5 Yes

0:45 p.m. 125.0 156.0 157.0 74.6 Yes
03.03.1999 100.0 170.0 116.0 72.6 Yes
11.03.1999 100.0 290.0 186.0 115.3 Yes
17.03.1999 32.0 69.0 70.5 134.0 No
19.03.1999 16.0 18.0 40.8 72.3 No
22.03.1999 8.0 12.5 15.5 41.3 No
24.03.1999 8.0 12.5 13.8 36.3 No
26.03.1999 8.0 9.4 12.2 - No
29.03.1999 8.0 10.7 9.7 30.6 No
31.03.1999 8.0 10.7 9.0 - No
03.04.1999 4.0 < 6.0 7.0 - No
06.04.1999 8.0 6.6 8.8 - No
13.04.1999 125.0 280.0 215.0 - Yes
23.04.1999 32.0 28.0 - - No
03.05.1999 4.0 7.4 9.7 - No
20.05.1999 6.4 20.5 14.3 - No
08.06.1999 3.2 7.5 12.4 - No
15.06.1999 16.0 13.5 18.0 - No
01.07.1999 16.0 26.0 25.5 - No
08.07.1999 16.0 23.5 24.0 - No
17.09.1999 24.0 (Prof. Budde)

Course of the von Willebrand Factor after LTX

The vWF was maintained normal up to the 14th postoperative day. Substitution of
FVIII/vWF was terminated on the 15th postoperative day (Table 1). As could be
expected in the Western blots under substitution therapy no high molecular vWF
multimers were discernible (Fig. 2), but the patient did not bleed.

During periods without substitution the values of the vWF:RiCof ranged from
3.2 to 16% with an average value of about 8% (titration method). Antigen deter-
mination of vWF resulted in somewhat higher values up to 26% and FVIII rose
several-fold. In the Western blot high molecular multimers were not clearly discer-
nible (Fig. 3), but this may be due to the rather low concentration of the vWF in the
plasma samples applied.

Discussion

The vWF is synthesized in the endothelial cells and in the megakaryocytes.
Considering the relation of the liver weight to the body weight one might have
expected an increase in VWF after LTX to about 2% (provided the density of the
endothelial cells in the liver is about the same as in the rest of the body). But the
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Fig. 2. Western blots in LTX under substitution therapy

values of the vWF we found (vWE:RiCof 3.2 to 16%, VWF:Ag up to 26%) were con-
siderably above the calculated value. Therefore, an increased synthesis and release
of the vWF from the endothelial cells through an unknown mechanism may be
assumed. One may consider a peritoneal bile irritation in the first weeks after LTX
or an effect of the immune suppressant tacrolimus. Later on the high vWF levels
might have been a consequence of the inflammatory liver process since it is well
known that in chronic hepatitis and liver cirrhosis the vWF and FVIII may increase
several-fold (Langley et al. 1985, Maisonneuve and Sultan 1977). We do not know
whether the patient might have profited from the increased vWF in respect to his
bleeding tendency if he had survived for a longer period of time.

In the first patient with severe vWD type 3 and LTX (Mannucci et al. 1991) the
VWEF (VWE:Ag) rose to only 1.02% which is considerably less than in our patient. For
reasons mentioned above the high levels in our patient may have been a result of the
postoperative complications. Therefore, similar high levels probably should not be
expected in further vWD type 3 patients with liver transplantation.
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Fig. 3a, b. Western
blot after LTX
during periods
without substi-
tution therapy
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Finally, one may speculate that the disturbed fibrinolysis in vWD type 3 (Holm-
berg et al. 1982, Jeanneau et al. 1987, Korninger et. al. 1981) contributed to the low
intraoperative blood loss.

In conclusion, in this patient with severe vVWD the vWF rose following LTX even
more than one would have expected from the weight of the liver. This is in contrast
to the observation of Mannucci et al. In their patient with severe vWD the vWF rose
only to 1.02% after LTX. One may speculate that in our patient some stimulatory
processes were active (hepatitis?).
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Clinical Course and Laboratory Findings in a Patient
with a New Mutation Causing Wiskott-Aldrich Syndrome

F. KERTZSCHER, A. MEINDL, V. SCHUSTER, U. SACK, M. KOKSCH
and H. LENK

Introduction

Wiskott-Aldrich syndrome (WAS) is an inherited X-linked disorder caused by
mutations of the WAS protein (WASP) gene. Within a family of similar proteins,
WASP is responsible for signal transduction from the cellular membrane to actin
cytoskeleton. Impaired regulation of actin polymerization in hematopoietic
progenitor cells due to altered WASP has been shown to cause the pathophysiology
of WAS. Clinical features of WAS are severe disease of platelets (small size, throm-
bocytopenia, reduced function), of lymphocytes (immunodeficiency) and ecze-
ma(1,2,3,5,7). X-linked thrombocytopenia is considered to be a mild form of WAS
with isolated thrombocytopenia(2). Prognosis depends on bleeding and immuno-
logical complications(1). Stem cell transplantation is nowadays the only successful
therapy. The development of gene therapy will be a new therapeutic option, depen-
ding on future techniques(6,7).

Clinical Course and Laboratory Findings

A boy was first presented the age of 4 weeks, suffering from a lower gastrointestinal
bleeding. At this time he showed petechial bleedings due to a microthrombocyto-
penia of 72 GPt/l but no eczema. Familial history was normal. Endoscopic investi-
gation of the lower intestines showed nonspecific inflammation. An allergy to cow
milk protein was first regarded to be the underlying pathological mechanism, corti-
sone treatment only slightly cured the thrombocytopenia. In the next 12 months he
developed the typical clinical features of Wiskott-Aldrich Syndrome with eczema,
severe thrombocytopenia and immunodeficiency. At the age of 1 year, he was
hospitalized several times for severe infectious complications like pneumonia and
otitis. Thrombocyte count was steady between 10 and 30 GPt/L. Increasing hemo-
lytic anemia required transfusions at nearly 4-week intervals, but no clinical
bleeding occurred. Molecular genetic analysis revealed a new, previously not de-
scribed splice site mutation (Intron 3/4+2t—a) of the WASP gene.

Further investigation of the hemostaseological system confirmed the disease of
platelets; plasmatic coagulation was normal (Table 1). Platelet flow cytometric ana-
lysis was done on two occasions. It confirmed severe dysfunction of platelets.
Reticulated platelets as a marker of thrombocytopoiesis were in the normal range.
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Table 1. Hemostaseological and hematological findings

Platelet aggregation Collagen significantly reduced
Adrenaline reduced
ADP reduced

Flow cytometric analysis Disease of platelets (pre-activated platelets, severe
dysfunction)

Isoagglutinins Not found

Thrombocyte size Microthrombocytopenia

Plasmatic coagulation Normal

Cytomorphology of the bone marrow  No evidence of malignancy, only few thrombocyte
forming megakaryocytic

Haptoglobin Reduced
Bilirubin (direct/indirect), hemopexin =~ Normal
Coombs-test Negative

Expression of the a-granule activation marker P-selectin on non stimulated
platelets was increased. Severe reduction of the release of «, 6 and lysosomal gra-
nules was demonstrated by platelet stimulation using the thrombin receptor activa-
ting peptide TRAP 6. Cytomorphology of the bone marrow showed no signs of
malignancy.

In the field of immunological function (Table 2), FACS analysis of peripheral
blood mononuclear cells (PBMC) was done on four occasions over a period of
12 months. It consistently revealed an increased number of natural killer cells (NK-
cells, CD56*, CD 3-, CD 16*; absolute 2203-3398/pl, normal for age 300-700/pl;
relative 56-58%, normal for age 8-15% of peripheral lymphocytes). Another con-
sistent finding was markedly increased cytoplasmatic y-interferon secretion of the
NK and CD 8* cells after stimulation by PMA and ionomycin (46.3% and 50.8%
respectively). Phagocytosis of granulocytes and monocytes was reduced.
Production of immunoglobulins and subclasses were normal, there was no evi-
dence of active infection by certain viruses like EBV, HSV, CMV, VZV, HHV6.
Normal IgG antibodies after vaccination against pertussis, poliomyelitis, diphtheria
and Hemophilus influenzae were found.

Table 2. Immunological findings

Subpopulations of lymphocytes Elevated nk-cells, t-cells reduced, normal
activation, increased cd4+/cd8+ - ratio

Intracellular cytokines Elevated production of interferon gamma

Phagocytosis Reduced functional activity of granulocytes
and monocytes

Immunoglobulins, IgG subclasses Normal (IgG at lower limit)

Serology (CMV, EBV, HSV, VZV, HHV 6) Negative

Antibodies due to immunization Normal

(pertussis, diphtheria, polio, tetanus, HIB)
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Conclusions

In this very young child, a previously not described splice site mutation (Intron
3/+2t—a) of the WASP gene was found to be the cause of a severe clinical course of
WAS complicated by severe infections and hemolytic anemia requiring frequent
transfusions before the age of 20 months. The rarer intron-mutations are known to
lead to quantitatively reduced or absent WASP(7:%), More extensive molecular gene-
tic investigations (cloning and sequencing of c-DNA) gave evidence for the secre-
tion of a shortened, probably functionally disturbed WASP in this patient leading to
a more severe course of the disease. At the age of 21 months, successful bone
marrow transplantation (unrelated donor) was performed.

References

1. Kajiwara M, Nonojama S, Eguchi M, Morio T, Imai K, Okawa H, Kaneko M, Sako M, Ohga S,
Maeda M, Hibi S, Hashimito H, Shibuja A, Ochs HD, Nakahata T, Yata JI: WASP is involved in
proliferation and differentiation of human haematopoietic progenitors in vitro. Br J
Haematol 107 (1999) 254-62

2. Kanegane H, Nomura K, Miyawaki T, Sasahara Y, Kawai S, Tsuchiya S, Murakami G, Futatani
T, Ochs HD: X-linked thrombocytopenia identified by flow cytometric demonstration of
defective Wiskott-Aldrich syndrome protein in lymphocytes. Blood 95 (2000) 1110-11

3. O’Sullivan E, Kinnon C, Brickell P: Wiskott-Aldrich syndrome protein, WASP. Int ] Biochem
Cell Biol 31 (1999) 382-7

4. Scherbina A, Rosen FS, Remold-O’Donnell E: WASP levels in platelets and lymphocytes of
Wiskott-Aldrich syndrome patients correlate with cell dysfunction. ] Immunol 163 (1999)
6314-20

5. Snapper SB, Rosen FS: The Wiskott-Aldrich syndrome protein (WASP): Roles in Signaling
and Cytoskeletal Organization. Annu Rev Immunol 17 (1999) 905-29

6. Sullivan KE, Mullen CA, Blaese RM, Winkelstein JA: A multiinstitutional survey of the
Wiskott-Aldrich syndrome. J Paediatr 125 (1994) 876-85

7. Thrasher AJ, Kinnon C: The Wiskott-Aldrich syndrome. Clin Exp Immunol 120 (2000) 2-9



Role of acquired and inherited Prothrombotic Risk Factors
in Pediatric Cerebral Venous Thrombosis -
Preliminary Results of a Multicenter Case-Control Study
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R. STRATER and U. NowaK-GOTTL

Introduction

Venous thrombosis is an important cause of morbidity and mortality in adult and
pediatric patients, and cerebral venous thrombosis is a serious but relatively
uncommon diagnosis in children (1, 3, 4, 15-17, 19). It has been associated with
underlying systemic conditions, such as dehydration, sepsis, systemic lupus erythe-
matosus, homocystinuria, Behget disease, acute lymphoblastic leukemia and vascu-
lar trauma (8). In addition, various genetic defects of proteins regulating blood coa-
gulation have been discussed as risk factors for cerebral venous thrombosis in
childhood (1, 10).

Previously described data indicate that genetic or acquired factors of thrombo-
philia play an important role in the etiology of venous sinus thrombosis in children
(19). To determine to what extent genetic risk factors of familial thrombophilia,
including the factor V G1691 A mutation (FV), the prothrombin G20210 A variant
(PT), inhibitors of the protein C pathway, and increased concentrations of lipopro-
tein (Lp) [a], affect the risk of pediatric cerebral vascular accidents, its prevalence
was investigated in this prospective, multicenter case-control study.

Patients, Materials and Methods
Study Population

Fifty-six consecutively admitted patients with cerebral venous thrombosis were
recruited in a multicenter co-operation over a period of 3 years, starting in January
1998. Mean patient age was 9 years, ranging from newborn to 18 years. With paren-
tal consent 168 healthy, age- and sex-matched children served as a control group.

Imaging Methods

In all cases enrolled diagnoses have been confirmed by standard imaging methods
(cranial sonography, computed tomography, magnetic resonance imaging) by an
independent neuroradiologist.
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Blood Samples

With informed parental consent, blood samples in patients were collected 6 weeks
to 3 months after the acute thrombotic onset by peripheral venipuncture into
plastic tubes containing 1/10 by volume of 3.8% trisodium citrate or into plastic
tubes without additives (Sarstedt, Niimbrecht, Germany). Citrated blood (3 ml) was
placed immediately on melting ice. Platelet poor plasma and serum were prepared
by centrifugation at 3000 g for 20 min at 4°C or at room temperature respectively,
aliquoted in polystyrene tubes, stored at -70°C and thawed immediately before the
assay procedure. For genetic analysis we obtained venous blood (0.5 ml) in EDTA-
treated sample tubes (Sarstedt, Niimbrecht, Germany), from which cells were
separated by centrifugation at 3000 g for 15 min. The buffy coat layer was then
removed and stored at -70°C pending DNA extraction by a spin column procedure
(Qiagen, Hilden, Germany).

Assays for Genotyping

The FV G1691 A mutation, the prothrombin G20210 A variant and the MTHFR
C677 T genotypes were determined by polymerase chain reaction and analysis of
restriction fragments as previously described.

Assays for Plasma Proteins

Amidolytic protein C and antithrombin activities were measured on an ACL 300
analyzer (Instrumentation Laboratory, Germany) using chromogenic substrates
(Chromogenix, Sweden). Free protein S antigen, total protein S, and protein C anti-
gen were measured using commercially available ELISA assay kits (Stago, France).
Lp (a) and anticardiolipin antibodies (IgM and IgG) were determined with ELISA
techniques (Chromogenix, Sweden).

Classification of Risk Cut-off

As recently described a heterozygous type I deficiency state (protein C, antithrom-
bin) was diagnosed when functional plasma activity and immunological antigen
concentration of a protein were below 50% of the norm for the lower age-related
limit. A homozygous state was defined if activity levels and antigen concentrations
were less than 10% of the norm. A type II deficiency was diagnosed with repeated-
ly low functional activity levels along with normal antigen concentrations. The dia-
gnosis of protein S deficiency was based on reduced free protein S antigen levels
combined with decreased or normal total protein S antigen concentrations.
Elevated lipoprotein (a) levels were defined as concentrations >30 mg/dl and/or <28
Kringle repeats (11).
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Statistics

Prevalences of prothrombotic risk factors in patients and controls were calculated
by Chi-square analysis or, if necessary, Fisher’s exact test. The significance level was
set at 0.05. With respect to the number of different tests applied, a correction
according to Bonferroni was performed. In addition, odds ratios (ORs) and 95%
confidence intervals (Cls) were calculated.

Ethics

The study was performed in accordance with the ethical standards laid down in a
relevant version of the 1964 Declaration of Helsinki and approved by the medical
ethics committee at the Westfilische Wilhelms-University, Miinster, Germany.

Results
Thrombotic Locations

Cerebral venous thromboses were localized in the superior sagittal sinus in 43
patients, in the transversal sinus in eight patients, in the inferior sagittal sinus and
the internal cerebral vein in two patients, and one child suffered from retinal vein
occlusion.

Clinical Symptoms at Onset

In the majority of cases central venous thrombosis appeared with acute headache
and vomiting, papilloedema, seizures, hearing loss, nystagmus and in some cases
with motor or sensory deficit, confusion or even coma.

Exogenous Triggering Factors

In 28 of the 56 patients with cerebral venous thrombosis consecutively recruited
exogenous triggering factors were identified: Steroid administration (treatment of
acute lymphoblastic leukemia (n=3), malignant lymphoma (n=3), ulcerative colitis
(n=1), induction of fetal lung maturation (n=3) triggered cerebral venous throm-
bosis. In addition, central venous lines (n=7), infectious diseases, i.e. mastoiditis
(n=5) and septicemia (n=4), dehydration (n=1) and cranial trauma (n=1) were
reported.
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Prothrombotic Risk Factors

Table 1 shows the prevalence rates of prothrombotic risk factors diagnosed in pa-
tients and controls. In 31 of the 56 patients investigated at least one prothrombotic
risk factor was present (55.3%) compared with 23 of the 168 controls (13.7%). The
odds ratio (95% confidence intervals, CI) for prothrombotic risk factors was 7.8 (CI
3.9-15.5, P<0.001). Increased Lp (a) concentrations and the heterozygous FV
G1691 A mutation were significantly more often diagnosed in patients than in the
controls. Prevalence of PT G20210 A variant, protein C deficiency, antithrombin
deficiency, acquired ACA IgG antibodies and protein S deficiency was not different
in the two groups.

Table 1. Prevalence of genetic risk factors in patients suffering from acute cerebral vein throm-
bosis (present in 31 out of 56 patients with CVT) (APS antiphospholipid syndrome, AT anti-
thrombin, FV factor V, Lp lipoprotein (a), PT prothrombin)

Risk factor Controls Patients Odds ratio (95% P value
(N=168) (N=56) confidence interval)
Lp (a)>30 mg/dl 10/168 13/56 4.8 (1.9-11.6) 0.0006
FV GA 8/168 10/56 4.3 (1.6-11.6) 0.005
PT GA 3/168 2/56 2.0 (0.3-12.5) 0.6
Protein C deficiency 1/168 2/56 - 0.152
AT deficiency 0/168 2/56 - 0.062
APS 0/168 2/56 - 0.252

2 Fisher’s exact test

Fatal Outcome

Three patients (5.3%) died during the acute thrombotic event, and two patients
developed seizures. However, during the observation period (median 12 months)
none of the patients relapsed.

Discussion

Cerebral venous thrombosis in children is a rare disease and either occurs sponta-
neously or is associated with an underlying systemic disease such as dehydration,
septicemia, malignancy or trauma (8, 9). It has rarely been described in patients
with systemic lupus erythematosus, homocystinuria, or Behget disease (2, 18). In
addition, dural sinus thrombosis is a known complication of subclavian or jugular
vein catheterization (5). The patients may present with non-specific clinical
symptoms, for example headache, dizziness and tinnitus, or may suffer from life-
threatening events, such as consciousness change with cerebral infarction or
hemorrhage with a 10-50% mortality rate reported in children (1, 7).
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The data of the multicenter case-control study presented here suggest that besi-
de acquired triggering factors genetic prothrombotic risk factors play an important
role in the etiology of venous cerebrovascular accidents in pediatric patients. The
overall incidence of familial thrombophilia reported here is higher than in recently
published prevalence data in the general population (6, 14): comparable with adult
patients with cerebral venous thrombosis we found in 18% of infants and children
affected with cerebral vascular accidents the FV G1691 A mutation, or in 23% of
cases increased Lp (a). In contrast to the frequency of protein C and protein S defi-
ciency described in adult patients with venous thrombosis (3.8% and 3%), we did
not find a significantly higher prevalence of protein C deficiency in patients com-
pared with the controls. The same was true for the prevalence of antithrombin defi-
ciency, which was present in only two patients and in none of the control subjects
in our population. Recently Poort et al. reported elevated prothrombin levels asso-
ciated with a polymorphism in the prothrombin gene (position 20210 A) in 18% of
selected patients with venous thrombosis (13). However, in our study population
the prothrombin variant was present in only two of 56 patients and in three out of
168 controls. The latter, however, did not reach statistical significance due to the
small number of patients recruited so far.

Similar to adults and to pediatric patients suffering from spontaneous ischemic
strokes, increased Lp (a) is the most important prothrombotic risk factor in early
childhood, followed by the heterozygous FV G1691 A mutation (12). Consistent with
these data, in the study presented here, increased Lp (a) was found to be highly
significant and more prevalent in pediatric patients with cerebral vascular accidents
than in healthy controls.

In summary, data presented here underline the multifactorial etiology of rare
cerebral venous thrombosis in neonates and infants, including established pro-
thrombotic risk factors and acquired underlying conditions.
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Analysis of the Fibrinogen Genes of 40 Patients
with Suspicion of Dys-, Hypo- or Afibrinogenemia
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Introduction

Fibrinogen is a 340 kDa plasma glycoprotein mainly synthesized by liver parenchy-
mal cells. It is secreted as a dimeric molecule composed of three different poly-
peptides, A, BB and y [2]. Fibrinogen chains are encoded by separate, clustered
genes located on chromosome 4q28 in a 50 kb region [5], organized in a y, o« and
sequence with the § gene in opposite transcriptional orientation.

Congenital dys- or afibrinogenemia is a condition which might be caused by
mutations in the Aa-, BB- or y-chain of the fibrinogen gene. The causal relationship
between dys- or hypofibrinogenemia and clinical symptoms such as thrombosis or
hemorrhage has not yet been clarified. Through further molecular genetic analyses
a better understanding of the interaction of coexisting mutations in the same or
different genes of fibrinogen could be achieved.

Materials and Methods
Patients

Thirty-nine of the investigated patients had suspected dys- or hypofibrinogenemia.
One patient suffered from afibrinogenemia (see Table 1: patient 38). The diagnosis
of the hypo- or afibrinogenemia was made by the analysis of the fibrinogen levels
according to Clauss and Ratnoff-Menzie as well as the determination of the fibri-
nogen antigen levels by enzyme linked immunosorbent assay and Laurell electro-
phoresis. Additionally, thrombin time and/or batroxobin time were performed.

Gene analysis

Gene analysis comprised the whole translated region including all exon-intron
boundaries and the promoter region of the Aa-, BB- and y-chain of the fibrinogen
genes. All investigated regions of the fibrinogen genes were amplified by PCR. Ten
microliters of each PCR reaction were used as a control for correct amplification on
a 1% agarose gel stained with ethidium bromide. The PCR reactions were purified
by QIAquick Multiwell PCR Purification Kit (Qiagen) to reduce contamination.
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DNA sequencing was performed on both strands using nested primers for the
amplified products, dye-deoxy terminator method and an automated ABI 310 DNA
sequencer (Applied Biosystems). The used primers were designed according to the
published sequences of the fibrinogen genes (M64982, M64983, M10014, U36503,
X05018, U36478; http://www3.ncbi.nlm.nih.gov:80/htbin-post/OMIM).

Results

All detected mutations and polymorphisms of the investigated patients are listed in
Table 1. Two silent mutations were detected in patients 3, 5,7, 15,25 and 26 in the Bf
chain at the amino acid position 159 Ser and 345 Tyr respectively. Two further muta-
tions were found in intron 4 of the Aa chain (3273 T>C) and in intron 9 of the
y chain (9590 C>T). These mutations are not shown in Table 1.

Only two of the investigated patients (5%) showed no mutation or poly-
morphism in the investigated regions. No mutation of the translated region was
detected in 20/40 patients (50%).

The Thr312Ala polymorphism in the Aa chain occurred in 13/40 patients
(32.5%). The Arg448Lys polymorphism in the B chain occurred in 7/40 patients
(17.5%). The mutation Argl6Cys in the Aa chain (patient 2) was found only in one
patient.

The listed deletion of GTTT (4/40 patients, 10%) in Table 1 is located in intron 6
of the BP chain, 9 bp before the start of exon 7. The deletion is strongly associated
with the Arg448Lys polymorphism (Table 1).

One further mutation is located in the Bp-chain in exon 6 at position 6654
(Human fibrinogen beta chain gene, complete mRNA; accession M64983) causing a

Fig. 2. Gene sequence in exon 6 (6852-6860 bp) of a control person
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basepair exchange (Fig. 1) from guanine to adenine which leads to a replacement of
arginine by histidine at the position 255 of the amino acid sequence (Aa
Arg255His). Besides the -3G>A polymorphism in homozygous form the patient
with the afibrinogenemia had only this mutation. It was present in homozygous
form.

Apart from known mutations and polymorphisms we were able to detect one
new mutation. The -3G>A mutation (A-3, Table 1) is located 3 bp before the major
transcription initiation site of the Aa chain. Twenty-three of 40 patients (57.5%)
showed this mutation in heterozygous (n=15, 65%) or homozygous (n=8, 35%)
form.In 20/23 (87%) patients with the -3G>A mutation this was the only detectable
mutation.

Discussion

The mutation Argl6Cys in the Aa chain (patient 2) is believed to be the most
frequent molecular defect in German patients with dysfibrinogenemia [1,7].

. The Thr312Ala polymorphism in the Aa chain is involved in the factor XIIla
crosslinking site. Carter et al. showed an association of this polymorphism with
venous thromboembolism and a significant interaction with the Val34Leu pheno-
type of factor XIII [4].

The Arg448Lys polymorphism in the Bf chain indicates a gender-specific asso-
ciation of increased fibrinogen levels and acute cerebrovascular diseases [3].

The influence on the fibrinogen levels or on the protein function of the Bp
intron 6 deletion of GTTT is not yet clarified.

The -3G>A mutation in the promoter region of the Aax chain could play a poten-
tial role in dys- or hypofibrinogenemia because of the high mutation frequency in
our investigated patient group. The mutation is located 3 bp before the putative
transcription start point and a changed fibrinogen transcription might be the
reason for dys- or hypofibrinogenemia in our patients.

The Arg255His mutation was described by Brennan et al. [6] in an abstract. They
found that five mutations beneath the Arg255His can result in hypofibrinogenemia
inherited in heterozygous state. In the plasma of patients with four of these five
mutations the variant fibrinogen chain could not be detected. The non-expression
of this particular group of mutations appears to result from perturbation of the
five-stranded beta sheet that forms the major structural feature of the D domain.
Our patient with afibrinogenemia (patient 38) had the Arg255His mutation in
homozygous form.

Further studies are needed to answer the question which of the mutations
caused the afibrinogenemia in our patient. Transient transfection experiments with
constructs expressing the wild type and mutant fibrinogen need to be performed to
investigate the effect of the mutations on the secretion of fibrinogen.
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Hereditary Antithrombin Deficiency -
Results of a Family Study

B. MAAK, S. HUTSCHENREITER, EH. HERRMANN, K. WULFF,
A. SIEGEMUND and W. CHRISTOPH

Introduction

Venous thrombosis or thromboembolism in younger people and especially in
children or adolescents is in the majority of cases related to one or more inherited
defects of naturally occurring antithrombotic proteins.

The first identified cause of inherited thrombophilia is the deficiency of anti-
thrombin III, described by Egeberg in 1965 (4). During the last 20 years an in-
creasing number of further reasons for a familial thrombotic tendency has been
found, e.g. deficiencies of the proteins C and S and the resistance against activated
protein C (APC resistance). The latter was described by Dahlbick and coworkers in
1993 (2).

Hyperhomocysteinemia, elevated factor VIII activities and the mutation G
20210 A in the prothrombin gene are also well known risk factors for a thrombotic
tendency. Furthermore a disposition to thrombotic events results also from a factor
XII deficiency (5, 11), therefore it is recommended to perform factor XII assays in
thrombophilia investigation programs (17). Patients with lowered factor XII activi-
ties exhibit a decreased fibrinolytic activity which may be responsible for the deve-
lopment of thrombosis or thromboembolism (9).

The most frequent of the above mentioned risk factors seems to be the APC-
resistance which is typically caused by a point mutation (G 1691 A) in the factor V
gene. However, there are substantial differences in the prevalence rates reported
from different regions around the world (6, 13).

For the antithrombin deficiency, prevalence rates between 0.02% and 0.2% have
been estimated (8, 16). Antithrombin deficiency is inherited as an autosomal-domi-
nant trait. According to the levels of antithrombin activity and antithrombin con-
centration, different types of deficiency states have been described (7). Type 1 is
characterized by similarly decreased levels of antithrombin activity and antithrom-
bin concentration; in type 2, however, the concentration is within normal limits and
the activity is decreased. In type 3 only the heparin cofactor activity is low. The most
common clinical manifestation of heterozygous antithrombin deficiency, especially
of the types 1 and 2, is the venous thrombosis of the lower extremities, often follow-
ed by pulmonary embolism.

It should be noted that during infancy and childhood the risk of thrombosis in
anti-thrombin-deficient individuals is low, after an age of 14-15 years, however, it
increases sharply. Because adolescents often are pediatric patients the pediatricians
should be familiar with the symptoms, diagnostic procedures and therapeutic

1. Scharrer/W. Schramm (Ed.)
315t Hemophilia Symposium Hamburg 2000
© Springer-Verlag Berlin Heidelberg 2002




234 B. Maak et al.

measures of thrombotic events. Therefore we report here on a 16-year-old boy who
developed venous thrombosis of his right lower limb and the inferior caval vein com-
plicated by multiple pulmonary emboli. The boy and his mother were identified as
heterozygous for antithrombin deficiency type 2. As a possible second risk factor we
found in the patient and also in the patient’s brother a moderate factor XII deficiency.

Case Reports and Results of the Family Study

The patient, a 16-year-old boy, is the first of two children born to nonconsanguinous
parents. A respiratory tract infection, presumably of viral origin, showed an un-
usually prolonged course with intermittent fever and an increasing number of
cough attacks.

Multiple bloody expectorations were observed and pneumonia was assumed. A
chest radiograph apparently confirmed this diagnosis, antibiotic treatment, however,
was without any effect. Two days before hospital admission a slight swelling of the
right lower extremity was noted which progressed rapidly during the following
hours. After admission to the hospital, emergency diagnostic procedures (ultra-
sound examination, venography) were performed and as a result a complete
occlusion of the deep veins of the right leg and the lower part of the vena cava in-
ferior could be demonstrated. Immediately after completion of the diagnostic pro-
cedures the thrombus was removed surgically. Three weeks after the first symptoms
a ventilation-perfusion scan of the lungs was performed and multiple perfusion
defects in both lungs as a result of pulmonary embolizations were identified (Fig. 1).
Retrospectively, the findings in the X-ray examination of the chest were signs of mul-
tiple pulmonary emboli rather than pneumonic infiltrations. After discharge from
the hospital and under stable anticoagulation with phenprocoumon at an INR 3.0 the
patient acquired a common cold and developed a thrombotic occlusion of the left

Fig. 1. Ventilation-perfusion scintigraphy, 3 weeks after the beginning of the illness. The bright
areas represent distribution or absent perfusion due to multiple pulmonary emboli
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external iliac vein which was successfully treated by antithrombin substitution and
low molecular weight heparin. After 10 days the phenprocoumon was reintroduced.

The patient’s mother showed the first thrombotic event at an age of 18 years
shortly after beginning oral contraceptive use. Two years later postoperative immo-
bilization of her right lower limb was followed by extensive swelling. Retro-
spectively this swelling has been interpreted as a second thrombosis: sonographic
studies have been performed, and the results obtained were compatible with the
assumption of previously occurred venous thrombotic occlusions. Two pregnancies
were without complications.

The results of the coagulation studies are summarized in Table 1. With the
exception of an antithrombin activity of 40%, which was estimated before thromb-

Table 1. Results of the laboratory investigations performed in the patient and his family mem-
bers. From the patient all results were obtained during phenprocoumon treatment. In some
instances the results of repeated studies are shown (n.d. not done, WT wild type)

Patient Brother Mother Father Normal range
Antithrombin III:
activity 59%, 50%, 107%, 91% 58%, 59% 95% 80-120%
47%, 55%

concentration  99% 94% 89% n.d. 80-120%
APC-ratio n.d. 2.5 2.5 2.6 >2.0
Protein C n.d. 72% 92% 89% 70-140%
(activity)
Protein S n.d. 113% 78% 118% 70-140%
(activity)
Lipoprotein (a) 41.7 mg/l 54.1 mg/l 33.3 mg/l n.d. <300 mg/l
Homocysteine 6.3 umol/l 5 pmol/l n.d. n.d. 4.4-12.4 pmol/l
Factor VIII- 118% 80% 76% n.d. 70-140%
activity
Factor XII- 78%, 55% 43%, 39%, 104%, 105% 127% 70-140%
activity 49%, 40%
Factor XIII- 135% 97% 100% n.d. 70-140%
activity
D-dimer 147 pg/l 999.5 pg/l, 291.9 pg/l, 257.9 pg/l <275 pgll

6852 pg/l,  62.0 pgll

714.0 pg/l,

789.5 pg/l
LA n.d. Negative n.d. n.d. Negative
ACA 1.3 <1.0 n.d. n.d. <1.0
Mutations:
Factor Vgene GG 1691 (WT) GG 1691 (WT) GG 1691 (WT) n.d. WT
Prothrombin GG 20210 GG 20210 GG 20210 n.d. WT
gene (WT) (WT)

MTHFR gene  CC677 (WT) CC677 (WT) CC677 (WT)
Factor XII gene C46T 46 TT n.d. n.d. CC46 (WT)
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ectomy, all other results were obtained during anticoagulation with phenpro-
coumon. On different occasions the antithrombin activities in the patient were
always lower than 60%. In contrast, the antithrombin concentration was in the
normal range. Therefore we considered the patient to suffer from a type 2 anti-
thrombin deficiency. The same constellation was found in the patient’s mother.
Father and brother of the patient exhibited normal antithrombin activities and in
the case of the brother the anti-thrombin concentration was also within the normal
range. In the family members studied there were normal values for APC-resistance
and the activities of the proteins C and S and no mutations were detected in the
factor V gene, the prothrombin and the MTHEFR gene. In three members of the fami-
ly the Lp (a) concentrations were not elevated. Surprisingly we measured in the
clinically well brother of the patient repeatedly elevated D-dimer concentrations.
His factor XII activities were low: between 39 and 49%. The patient showed factor
XII activities between 55 and 78% and in the mother and father these values were
105/104% and 127% respectively. On one occasion after the acute illness a slightly
elevated concentration of anticardiolipin antibodies in the patient’s circulation was
demonstrated. The analysis of the factor XII gene revealed a heterozygous state for
the 46 C — T polymorphism in the 5’-untranslated region in the patient, whereas in
his brother the homozygous state (46 TT) could be seen.

Discussion

The laboratory findings presented here are characteristic for an antithrombin
deficiency type 2: a reduced antithrombin activity, typically below 60%, contrasts
with antithrombin concentrations within the normal range. The autosomal-domi-
nant mode of heredity of this disorder is also evident.

The age at manifestation and the clinical course in our patient and his mother
confirm the findings from others (3, 7, 10, 14): in both individuals the thrombotic
events occurred at a younger age (before 20 years) and were localized in the lower
extremities. In the case of the patient’s mother the use of oral contraceptives and
later, immobilization after limb surgery, could be identified as triggering factors for
her thrombosis manifestations.

In the patient, however, a similarly clear cut situation with regard to the trigger-
ing events could not be seen. Respiratory tract infections of probably viral origin
preceded the two thrombotic events. Unfortunately there are no results from deter-
minations of the protein C and protein S activities before surgery and also a lupus
anticoagulant was not excluded. Mutations in the factor V and prothrombin genes
were absent and the concentrations of Lp (a) and homocysteine were within the
normal limits. Only the factor XII activity, measured during anticoagulant treat-
ment with phenprocoumon was repeatedly low and on one occasion a reduced
factor XII antigen level was found. (The authors thank Prof. Budde, Hamburg, for
performing the factor XII-antigen determination.) The second child of the family,
at present in good health, exhibited elevated D-dimer concentrations and low levels
of the factor XII activity. Other thrombotic risk factors have not been identified up
to now. It seems that in both boys a mild factor XII deficiency exists which results
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from a polymorphism in the 5’-untranslated region of the factor XII gene. This
polymorphism (46 C — T) is associated with low translation efficiency (15).
Therefore the different factor XII activities in the boys could be ascribed to the
heterozygous state (46 C — T) in the patient and the homozygous state (46 TT) in
the patient’s brother. The finding of slightly elevated anticardiolipin antibodies in
the patient suggests an additional effect which may be responsible for the different
factor XII activities measured on different occasions. In children the synthesis of
antiphospholipid antibodies is often induced by infectious diseases (so-called
secondary antiphospholipid syndrome). It may be speculated that in the patient the
antithrombin deficiency in combination with two other risk factors (mild factor XII
deficiency, anticardiolipin antibodies) resulted in the thrombotic events described.
The role of the anticardiolipin antibodies in the pathogenetic considerations is in
our opinion supported by the fact that viral illnesses preceded the thrombosis
manifestations in both instances.

In the patient’s brother the repeatedly measured factor XII activities were con-
sistently lower and there were no signs of an inhibitor development. At present we
assume that the elevated D-dimer concentrations in this boy may be the result of the
factor XII deficiency which is caused by the homozygous state for the poly-
morphism in the 5’-untranslated region of the factor XII gene.

In summary, we have seen a 16-year-old boy suffering from a dramatic and life-
threatening illness. As a consequence questions regarding preventive measures
arise. A deficiency of any of the naturally occurring antithrombotic proteins should
be suspected in patients who develop thrombosis at a younger age and also in indi-
viduals with an appropriate family history. During childhood the risk of thrombosis
in patients with antithrombin deficiency or other defects is low because during this
period elevated levels of o, ~-macroglobulin may have a protective effect (12). After
an age of 14 to 15 years the concentration of &,-macroglobulin decreases and the
risk of thrombosis increases. This observation is impressively confirmed by the first
results of the Canadian registry of venous thromboembolic complications in
children (1). Therefore a lifelong prophylactic therapy starting immediately seems
to be useful; however, such a regimen is not generally recommended (3). In contrast
there is no doubt about using an effective prophylaxis when symptom-free indi-
viduals are exposed to situations with a high risk of thrombosis development (3, 7).
Such situations are surgical interventions, traumatic lesions, especially of the lower
limbs, pregnancy and also infectious diseases.

In the patient presented here who suffered from two massive thromboses com-
plicated by multiple pulmonary embolizations we believe that a life-long treatment
with vitamin K antagonists is necessary.
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Elevated Factor IX and Factor Xl as Risk Factors
for Venous Thrombosis and Stroke

A. SIEGEMUND, T. SIEGEMUND, J. BERROUSCHOT, H. VOIGT
and M. KokscH

Introduction

Recently, elevated levels of the coagulation factors IX and XI as risk factors for
venous thrombosis were described by Bertina and Rosendaal (1). Increased levels are
associated with a two- to threefold increased risk of venous thrombosis. Reports
from several groups indicate that the prevalence of elevated levels in the normal
population is about 10% (2). In patients with a first episode of venous thrombosis the
prevalence is about 20%. However, the risk of venous thrombosis in connection with
elevated FIX and FXI is also age-dependent. Comparable with deficiencies of
protein C or protein S, the prevalence is relatively high, which seems to be similar to
the prevalence of the well-known APC resistance caused by F V Leiden. Further-
more, a correlation between the levels of coagulation factors and the relative risk of
thrombosis has been shown (3). Compared with the risk shown in connection with
elevated factor VIIL:C, existence of an analogous relation between risk and single
factor activity is suggested for the newly described risk factors IX and XI. Data on the
association of elevated coagulation factors and arterial occlusions, especially in
patients who had strokes, are rare. Only the ARIC study (Arteriosclerosis Risk in
Communities) investigated the association between hemostatic variables like
F VIIIL:C, von Willebrand factor and fibrinogen and stroke (4, 5).

In the present study we investigated whether elevated levels of the coagulation
factors IX and XI contribute to an increase in risk of thromboembolism in different
groups of patients. This question was addressed by comparing coagulation fac-
tors IX and XI with other well established thrombophilic coagulation defects in
patients with a first thrombotic event, in patients with recurrent events, as well as in
young patients who had ischemic strokes.

Patients and Methods

All patients and controls included in this study were admitted to the University
Hospital of Leipzig. Collection of data was retrospective. Only patients with
objectively confirmed diagnosis of thrombosis (n=160) or stroke (n=70) were
included (e.g. computer tomography, sonography or phlebography).

Age and sex matched samples from healthy donors (n=115) were selected for the
control group, the age distribution of patients and controls being nearly identical
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(controls 34.7+11.2 years, patients with thromboembolism 34.7+7.9 years, stroke
patients 37.1+6.5 years).

For the evaluation of age-dependency we further investigated 369 thrombosis
patients and 371 stroke patients between 30 and 80 years.

Blood was collected in Sarstedt tubes (S-monovette 9NC) containing 0.106 mol/l
trisodium citrate. Blood samples from blood donors were taken before blood
donation. Plasma preparation was done by centrifugation for 20 min at 2000 g by
15°C. If the sample was not assayed within 2 h, the plasma was shock frozen and sto-
red at ~70°C.

Factor IX and factor XI were measured by one-stage clotting assay with
Pathromtin SL and the corresponding factor deficient plasma at the BCS with
reagents from Dade Behring. For excluding other coagulation abnormalities or
other thrombogenic risk factors, the global tests PT and APTT were performed and
also a thrombophilia screening program.

Statistical Analysis

The software package SPSS for Windows 6.0 (SPSS Munich, Germany) was used for
statistical analysis. P value of <0.05 was considered significant.

Results

Coagulation factor IX and XI levels showed statistically significant differences be-
tween controls and patients with thromboembolism (Table 1). In stroke patients the
difference was not significant. Between patients who had a stroke and those with
thromboembolism a statistically borderline difference for factor IX (P=0.043) was
found, but not for F XI (P=0.134).

Based on the results of the Leiden Thrombophilia Study (LETS) we have chosen
as upper reference limits the levels of 129% factor IX and 123% factor XI (1).
Elevated factor IX and factor XI levels above these limits were significantly more
frequent in the two patient groups compared with the controls. (Table 2). In the con-

Table 1. Factor IX and factor XI levels in patients and controls

Coagulation Controls Thrombosis P value Stroke P value P value
factor patients patients
n=115 n=160 Thrombosis n=70 Stroke vs.  Stroke vs.
vs. controls controls thrombosis
Factor IX (%)
Mean 106.1 122.4 <0.000 118.5 0.098 0.043
95% CI 104.4-107.7 120.2-124.5 115.6-121.4
Factor XI (%)
Mean 98.1 108.6 0.012 106.1 0.57 0.134

95% CI 96.5-99.7 106.7-110.5 103.7-108.5
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Table 2. Frequency of elevated coagulation factors IX and XI in patients and controls

IX >129% XI >123%

n (%) Pvalue OR (95% CI) n (%) Pvalue OR (95% CI)
Controls 11 (9.6) 8(7.0)
(n=115)

Thrombosis patients 59 (36.9) <0.0001 5.5(2.7-11.1) 36 (22.5) 0.0005 3.9 (1.7-8.7)
(n=160)

Stroke patients 16 (22.9) 0.013 2.8 (1.2-6.5) 12 (17.1) 0.03 2.7 (1.1-7.2)
(n=70)

trol group a prevalence of 9.6% for elevated factor IX >129% was observed; in
young patients with thrombosis the corresponding rate was 36.9%, in stroke
patients 22.9%. For elevated factor XI >123% frequency rates of 7.0%, 22.5% and
17.1% were observed in the three investigated groups.

Thus, the risk for thrombotic disease was increased 5.5-fold in individuals with
elevated factor IX levels and 3.9-fold in those with elevated factor XI levels. For
stroke, the increase in risk was 2.8-fold in connection with elevated factor IX and
2.7-fold in connection with elevated factor XI. In general, in individuals with
elevated factor IX or XI the risk with regard to stroke is lower than that for throm-
botic disease; nevertheless, the risk of a stroke is significantly higher than in those
not affected by elevations in these factors.

From Fig. 1a and b it is obvious, that only the blood donors show a normal
distribution, whereas the two groups of patients show a second peak at levels higher
than the reference range.

These data were obtained from relatively young patients with a median age of
34.7 years (patients with venous thrombosis). However, there exists an association
between age and the levels of F IX and F XI. Levels of both factors increase with age.
When comparing thrombosis patients aged 30-40 with thrombosis patients be-
tween 60 and 70 years, the mean FXI level increases by about 10% from 103,7%
(95% CI 97.7-109.7) in the younger group to 114,7 (95% CI 100.0-119.4) in the older
group; for F IX see Fig. 2. The largest increase is observed between the age groups
of 30-40 and 40-50 years; after this decade the levels are nearly constant. The age-
dependency of F XI in the stroke group is less pronounced, and there exists a
tendency for it to decrease in the last two decades.

Discussion

The present study emphasizes the assumption that elevated coagulation factors IX
and XI increase substantially the risk of venous thrombosis and stroke. The signi-
ficantly higher prevalence of elevated coagulation factors in patients compared with
controls suggest that both risk factors, factor IX and factor XI, are involved in the
etiology of thrombophilia. The relative risk is nearly in the same order of magni-
tude of elevated levels of F VIII:C and prothrombin respectively.
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factor X1 [%)]

Fig. 1a, b. a Distribution of F IX levels in thrombosis patients (n=160), stroke patients (n=70)
and controls (n=115). b Distribution of F XI levels in thrombosis patients (n=160), stroke
patients (n=70) and controls (n=115)

It is described that F XI can be activated by thrombin. Via this pathway F XI contri-
butes to further thrombin generation in addition to the activation that is due to the
F X pathway.

F IX levels are age-dependent with higher levels in centenarians. Coagulation
factors are known to increase gradually during young aduithood, and increase again
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Fig. 2. Age-dependency of coagulation factors IX and XI

a second time in old age, which is a physiological phenomenon of aging. However,
this increase may contribute significantly to the age-dependent development of
cardiovascular and thrombotic disorders. Kurachi et al. have described a molecular
mechanism for the age-associated increase in F IX activity to be related to an age-
dependent regulation of the human F IX gene (5). Patients with thrombotic disease
exhibit a higher level of 120% and additionally F IX levels increase with age.

F IX and F XI should be involved in the thrombophilia screening program,
especially in young patients. Further investigations are necessary to evaluate these
risk factors in relation to the well established risk factors like F V-Leiden and pro-
thrombin mutation 20210 GA.
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Introduction

Within the last decade, various genetic defects of proteins regulating blood coagu-
lation, particularly those affecting the physiological anticoagulant systems, have
been well established as risk factors of cerebrovascular disease in adults [8;22;23].
Besides the high thrombotic risk reported in patients with homozygous FV:R506Q
mutation, homozygous protein C deficiency, homozygous protein S deficiency and
homozygous homocysteinuria due to cystathionine-8-synthase (CBS) deficiency, a
high risk of early thrombotic onset is observed in patients with heterozygous anti-
thrombin deficiency, heterozygous protein C deficiency of the so-called dominant
type, and heterozygous protein S deficiency [18;29;40].

In contrast, an intermediate or low risk of developing early thromboembolism
is observed in patients with heterozygous FV:Q506, heterozygous recessive protein
C deficiency and heterozygous defects of the heparin-binding site of the anti-
thrombin molecule, moderate hyperhomocysteinemia (elevated fasting HCY con-
centrations), plasminogen deficiency and dysfunctional plasminogen or fibrinogen
molecules [15;38].

Furthermore, the recently described 20210GA variant of the prothrombin
gene seems to be a common but probably mild risk factor of arterial and venous
thromboembolism [33]. However, there is only scanty and conflicting information
about its role in triggering stroke in inherited or acquired deficiency of heparin
cofactor II (HC II), FXII, or elevated levels of histidine-rich glycoprotein (HRGP)
respectively [2;13;19].

Since the recent discovery of activated protein C resistance as a highly prevalent
hereditary risk factor of venous thromboembolism, evidence has been accumula-
ting that thrombophilia is a multigenetic disorder and that the association of mul-
tiple hemostatic defects greatly increases the risk of thrombosis in adults. Although
venous thrombosis is being increasingly viewed as a multifactorial disorder as well,
information on the role of combined hemostatic defects in juvenile ischemic stroke
is limited [32].

Here, we present data on juvenile idiopathic ischemic stroke in patients with
regard to the frequency of single and combined hemostatic risk factors for throm-
boembolic events.

1. Scharrer/W. Schramm (Ed.)
31st Hemophilia Symposium Hamburg 2000
© Springer-Verlag Berlin Heidelberg 2002
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Patients

A total of 344 unrelated patients (170 males/174 females) with a history of ischemic
stroke (n=282) or transient ischemic attack (TIA) (n=62) were studied. At clinical
onset, patients were aged 18-50 years (median age at first episode: 31 years).

Objective confirmation of cerebrovascular disease (CVD) was performed by
angiography, cranial computed tomography and/or magnetic resonance (MR)
imaging.

Risk factors predisposing to CVD, such as diabetes mellitus, hypertension, smok-
ing, use of oral contraceptives (OC) etc. were documented in each patient. Patients
with severe and/or insufficiently treated hypertension were excluded. None of the
patients had diabetes. Use of OC was documented in 40/174 affected women (22.9%).

None of the patients enrolled had overt evidence of cardiologic or systemic dis-
orders known to be associated with an increased risk of stroke/TIA.

Methods
Blood Sampling

With informed consent, blood samples were collected by peripheral vein puncture
into 3.8% trisodium citrate (one part anticoagulant: nine parts blood; Sarstedt
tubes, Germany) and placed immediately on melting ice. Platelet poor plasma was
prepared by centrifugation at 3000 g for 20 min at 4°C, aliquoted in polystyrene
tubes, stored at -70°C and thawed immediately before the assay. Dade Hepzym
(Baxter Diagnostics, Germany) was added to plasma samples to eliminate the
influence of heparin.

For genetic analysis, we obtained venous blood in EDTA-treated sample tubes
(Sarstedt) from which cells were separated by centrifuging at 3000 g for 15 min. The
buffy coat layer was then removed and stored at -70°C, pending DANN extraction
by standard techniques.

Assays of Hemostatic Factors

- Response to activated protein C: Chromogenix, Sweden (normal range:
1,72-2,94)

- Amidolytic protein C activity: chromogenic substrate, Chromogenix, Sweden
(normal range: 77-142%)

- Free PS antigen: (normal range: 64-133%)

- Total PS antigen: (normal range/males: 77-154%, females: 67-158%)

- PC antigen: (normal range: 71-124%): Asserachrom, Stago, France [27, 30, 37]

- Antithrombin activity: chromogenic substrate assay, Chromogenix, Sweden
(normal range: 75-112%)

- Fasting plasma homocysteine concentrations: high-performance liquid chroma-
tography (normal range: 3.8-13.8 pmol/l) [33, 38, 39]
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- Heparin cofactor II (HCII) antigen: ELISA technique, Asserachrom, Stago, France;
HCII-EIA: Diagnostik International, Germany; or Laurell method, Anti HC II:
Behringwerke, Germany; (normal range/males: 73-196%; females: 70-170%)

- Plasminogen (Plg) activity: chromogenic substrate, Chromogenix, Sweden

- Plg antigen concentrations: radial immunodiffusion, Behringwerke, Germany
(normal range/males: 71-116%; females: 78-137%)

- FXII activity: ACL 300 R; IL, Germany (normal range: 53—-135%)

- FXII antigen concentrations: immunoelectrophoresis according to Laurell, Anti
FXII: Behringwerke, Germany; Enzym Research Laboratory, USA

- Histidine-rich glycoprotein (HRGP): Laurell method; Anti-HRG: Behringwerke
Marburg, Germany (normal range: 50-172%)

- Factor VII activity: one-stage clotting assay (normal range: 59-114%)

- Lupus anticoagulant: was diagnosed according to the criteria of the
Subcommittee for the Diagnosis of Lupus Anticoagulants/Antiphospholipid
Antibodies of the ISTH

- IgG and IgM anticardiolipin antibodies: ELISA (IgG-normal range: 0.9-11.7;
IgM-normal range: 0.3-4.8)

- Prothrombin time (PT), activated partial thromboplastin time (aPTT) and
thrombin: conventional methods

Assays for Genotyping

Genetic analysis (prothrombin G20210 A mutation and FV G1691 A) was performed
with the use of methods already described [3;33].

Definition Criteria of Prothrombotic Defects

For all plasma-based assays, diagnosis of a prothrombotic defect was established
only if the plasma level of a protein was outside the limits of its normal range in at
least two different samples.

Results

In our study 27/236 patients (stroke/TIA: 21/6) had the FV:R506Q mutation (in-
cluding 5 homozygous and 22 heterozygous), corresponding to a prevalence of
11,4%.

12/110 patients (stroke/TIA: 12/0) were heterozygous carriers of the PT A20210
allele (10.9%), 6/97 patients had HHCY (6.2%).

Furthermore, the following prothrombotic states were identified: type I
deficiency of FXII (16/301; 5.3%), HCII (6/254; 2.4%), PC (10/341; 2.9%), AT (6/344;
1.7%), PS ( 6/343; 1.7%), Plg (3/301; 0.3%); elevated levels of FVII (4/83; 4.8%), or
HRGP (5/253; 1.9%); dysfibrinogenemia (2/340; 0.6%); presence of anti-phospho-
lipid antibodies (13/279; 4.6%; lupus anticoagulants: 11/279; 3.9%; aCL: 2/279; 0.7%).
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Fig. 1. Thrombo-
philic defects in
patients with
stroke/TIA

Fig. 2.
Combined
prothrombotic
defects

All deficiencies were of type I with decreased functional activity and antigen con-
centration (Fig. 1).

In 10 patients (2.9%) combined defects were identified (Fig. 2). Recurrent events
occurred in 79/344 patients (22.9%; venous n=18, arterial n=45, venous + arterial
n=11, isolated pulmonary embolism n=5).
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Oral contraceptive use was documented in 40/174 females (22.9%; stroke/TIA:
31/9). In 16/40 (40%) of these women a thrombophilic defect of hemostasis was
found.

A positive family history of thromboembolic disorders was documented in
77/344 patients (22.4%; venous n=18, arterial: n=57, venous + arterial n=2).

As controls, we screened 450 healthy persons from the same geographic region
for the presence of FV:R506Q mutation and prothrombin G20210 A variant.

In the healthy controls, the FV:R506Q mutation was found in 7.5%, whereas the
prothrombin gene variant was identified in 2% of subjects.

Discussion

The etiology of juvenile ischemic stroke remains unexplained in a significant num-
ber of patients and the importance of thrombogenic clotting abnormalities in its
pathogenesis is still undefined.

APC-resistance due to the FV:R506Q mutation is the most common inherited
risk factor for venous thrombosis [3;7;18]. On the other hand the role of APC-
resistance (APC-R) in arterial vascular events, in particular cerebrovascular disease,
is controversial and still under discussion. There are studies reporting a positive
influence on the risk of stroke [25;27] with a FV:R506Q prevalence between 4 and
17% [6;14;28] whereas others did not find an association between the FV:R506Q
mutation and stroke [9;16;31;34;35].

Furthermore, the prothrombin G20210 A mutation (PT 20210GA) is another
frequent genetic risk factor for venous thrombosis, but its role in CVD is the subject
of controversial discussion [17;33]. A study has shown that patients carrying the PT
20210GA genotype have a significantly increased risk of cerebral ischemia (odds
ratio: 5.1) [9].

Heterozygous PT 20210GA genotype carriership was associated with a 3.8-fold
increased risk of cerebrovascular disease [9]. However, this observation has not been
supported in other studies [1;5;10;24;26]. In a prospective study of 14,916 US men,
the PT 20210GA genotype was not associated with increased risk of stroke [36].

A recent study has evaluated the effect of the FV:R506Q mutation and the
G20210 A mutation in patients with cerebrovascular disease, particularly taking
into consideration other vascular risk factors. The data did not suggest a relevant
role of the FV:R506Q, neither as a single nor as a combined defect in patients who
had had a stroke/TIA [21].

The importance of deficiencies of PC, PS, AT, FXII, HCII and plasminogen,
hyperhomocysteinemia, and lupus anticoagulants and anticardiolipin antibodies,
high levels of factor FVII, and elevated HRGP in the pathogenesis of ischemic stro-
ke is controversially discussed [4,11,12,20,30,39,41].

In a case-control study with juvenile stroke patients no differences in AT, PS, PC,
plasminogen and HCII were observed between cases and controls [41].

The Atherosclerosis Risk in Communities (ARIC) Study has shown that PC was
not significantly associated with ischemic stroke, and there was no association be-
tween factor FVII, AT and ischemic disease [11].
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A recent study has demonstrated that the FV:R506Q mutation was associated
with an increased risk of CVD/ischemic stroke in women compared with males [25].

The intake of oral contraceptives is an independent risk factor for thrombo-
embolic disease. The relative risk of ischemic stroke is 2,9 for females who use oral
contraceptives. The interaction between oral contraceptives and other risk factors
for thromboembolism greatly increases the risk [42].

In our study population of 344 patients who had had idiopathic ischemic stroke
we could demonstrate no relevant influence of the FV:R506Q mutation. In contrast,
the PT 20210GA genotype was found to be significantly more frequent in this
patient group than in the general population (10% vs. 2%). This suggests a signifi-
cant role of the PT 20210GA genotype in the pathogenesis of ischemic stroke.

Conclusions

e A prothrombotic defect has been found in 31.1% of patients with a history of
ridiopathic« juvenile stroke/TIA

¢ Heterozygosity for the prothrombin G20210 A mutation was diagnosed in 10.9%
of cases compared with 2% of controls (P<0.05)

e The occurrence of the PT G20210 A mutation might have a more unfavorable
effect during the onset of the ischemic disease in comparison with the FV:R506Q
mutation, as well as deficiencies of protein S, protein C, antithrombin, factor XII,
heparin cofactor II and plasminogen, the presence of hyperhomocysteinemia,
lupus anticoagulants, anticardiolipin antibodies, high levels of factor VII and ele-
vated HRGP

o Therefore, thrombophilic defects might play an important role in the etiology of
juvenile »idiopathic« arterial cerebral ischemia.
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Inquiry into the Significance of Constantly Raised FVIII
Values as a Factor in Thrombophilia

M. voN LIEVEN, M. KRAUSE, T. VIGH, C. RABENSTEIN and [. SCHARRER

Introduction

APC resistance and FV classification mutation, FII mutation, ATIII, protein S and
protein C deficiency are among the known independent risk factors for thrombosis.

Raised post-thrombosis values for the FVIII clotting factor were noted in many
patients, so that the FVIII clotting factor will be discussed as an independent
thrombosis risk factor.

To investigate the role of FVIII in thrombophilia, a large patient collective
(n=66) was compared with a large normal collective, comparable in age and sex
(n=100). In order to exclude a wrong interpretation of the raised FVIII level on the
grounds of acute phase reaction, the CRP value was determined in addition to the
FVIII activity and the vWF antigen.

Patients and Methods

Sixty-six patients between 21 and 78 years of age, as well as 100 volunteers between
23 and 71 years of age, were examined.

Blood was taken from them three times at intervals of at least 3 weeks.

Three of the patients were only able to give two blood samples, and one patient
came only once.

FVIII activity, vWF Ag level and the CRP value were measured in the blood
samples to exclude any acute inflammation.

A precondition for the patients was the elapse of at least 4 weeks since the last
thrombotic event (in most cases about 2 years had elapsed).

Criteria excluding test subjects and patients:
e Pregnancy
¢ Long-term medication with cortico-steroids
¢ Chronic active inflammations, especially hepatitis or liver cirrhosis

A thrombophilia defect was already known in 37 patients and no defect had been
found in the remaining 29 patients at the time of the investigation.

The venous blood was cooled immediately after extraction, then centrifuged for
40 min at 4,000 rpm/40°C and frozen at -760°C until used, whereby the CRP sample
was processed immediately.

1. Scharrer/W. Schramm (Ed.)}
31t Hemophilia Symposium Hamburg 2000
© Springer-Verlag Berlin Heidelberg 2002
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The FVIII activity was determined in a single factor determination test using
the ACL analysis system from Instrumentation Laboratory.

The vWF Ag level was determined using the company-owned vWF Ag ELISA.

The CRP value was measured photometrically with a Roche/Hitachi 747.

Statistics

The values were given as median values.

Results

Evaluation revealed mostly normal values in the normal collective.

Raised values were seen in isolated cases, but these were attributable to stress,
athletic activity, advanced age or a slight cold with normal CRP (Fig. 1, Normal
Collective).

Fig. 1. FVIII values
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Fig. 2a. Comparison of FVIII
values in patients and
normal collectives in first
blood samples

Fig. 2b. Comparison of FVIII
values in patients and
normal collectives in second
blood samples

In the patient collective, on the other hand, single blood samples from 58 patients
showed that both FVIII activity (>150%) and vWF Ag (>135%) were raised with
CRP values within the normal range. The values were all within the normal range in
eight patients (Fig. 1, Patient Collective).
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Fig. 2c. Comparison of
FVIII values in patients and
normal collectives in third
blood samples

Fig. 2a-c compares the values from the patients with those of the normal collective
for the three blood samples taken.

These illustrations show that the FVIII values, particularly in the case of
younger patients between 20 and 40 years of age, are significantly raised, especially
in Fig. 2a in the group of 31-40-year-olds.

Fig. 2b, however, shows distinctly raised values in the 51-60 age group.

In the case of 12 of the 66 patients, i.e. in 20% of the cases, the FVIII level in all
three blood samples was constantly raised.

Eight of these (75%) were cases of deep leg venous thrombosis (DLVT), and one
case was a DLVT with a pulmonary embolism (PE). One female patient had had a
pulmonary embolism, and another female patient suffered a brachial venous
thrombosis. Thrombophlebitis was diagnosed in a further female patient.

Of these 12 patients three had suffered a relapse (25%).

One female patient suffered a pulmonary embolism, one a deep leg venous
thrombosis, and another both a DLVT and a pelvic venous thrombosis.

In 28 of the 66 patients the vWF Ag level was also raised in all blood samples.

A parallel rise in the FVIII and vWF Ag levels was observed in 10 of these 28
patients.

Seven of these patients were suffering from a DLVT and one female patient had
a PE. One female patient had both a DLVT and a PE. In this latter case, the female
patient was discovered to have a brachial venous thrombosis with a PE.

Two patients had a relapse some time later: one case of DLVT and one of DLVT
with pelvic involvement.

The CRP value was largely NAD in all patients.
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Discussion

Different studies have shown that raised FVIII values qualify as independent risk
factors for venous thrombosis.

Kraaijenhagen et al. have proved in their study that the FVIII level in risk
patients is raised for a long period [1], as we have also shown in our studies.

O’Donnell et al. showed that the high values appeared independently of the
acute phase reaction [4].

At the same time, no mechanisms have been discovered to explain how throm-
boses might be caused by raised FVIII levels.

We examined 66 thrombosis patients and 100 other volunteers and compared
the values. On the basis of this data, we can state that about 20% of the patients
showed constantly raised FVIII values (12 of 66 patients).

Of these 25% (4 of the 12 patients) had suffered a relapse up to 7 years later.

The increased rate of relapse is confirmed by the study of Kyrle et al., who dis-
covered that a relapse occurred in 10.6% of patients with increased FVIII levels
following an initial event [2].

The CRP values were largely NAD in all patients.

A pathologically raised CRP level doubles the risk of apoplexy risk and triples
the risk of infarction.

An increased thrombosis risk is suspected if, for example, a hormone substi-
tution is done at the same time [3].

There were no increased CRP levels in our study. In contrast to coronary heart
disease, the level of CRP in venous thrombosis may thus not be a risk indicator.

Summary

On the basis of the results of our investigation, an FVIII level that is constantly
raised over a three-month period can be evaluated as a risk factor for thrombophilia
if acute phase reaction, pregnancy or chronic active disease have been excluded.
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Do Statins Increase the Homocysteine Level?
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Introduction

Besides their cholesterol-lowering effect, statins are also useful for reducing
C-reactive protein (CRP). Patients with higher CRP values have a double risk of
apoplexy and a threefold infarct risk compared with patients with low values.

Lipid-lowering measures with statins or fibrates improved the myocardial situa-
tion [4, Lipid Study Group, NEJM, 1998]. Nevertheless, it is known from various
clinical studies that the homocysteine level rose under fibrate treatment [1, Dierkes
et al., Lancet, 1999].

The increase in the blood homocysteine level is considered to be an indepen-
dent, endothelial-harming risk factor for cerebral and cardiovascular diseases. In
order to test whether the level also shows pathological changes under treatment
with statins (simvastatin and atorvastatin), we measured the cholesterol, tri-
glycerides, creatinine, CRP and homocysteine levels in five male and two female
patients before and 6 weeks after the start of treatment.

Patients and Methods

The patient collective consisted of five male and two female patients between the

ages of 56 and 70 suffering from cardiovascular diseases and requiring lipid-lower-

ing treatment. The diseases of the patients:

- CHD, in one patient accompanied by paroxysmal atrial fibrillation and a post-
apoplectic condition in another.

- Four of the patients were also hypertensive, and two suffered from pAOD.

Exclusion criteria were previous lipid-lowering treatment, kidney insufficiency and
lack of compliance.

Three patients were prescribed 10 mg atorvastatin daily, the others received
10 mg simvastatin.

The following values were ascertained prior to treatment: CRP, homocysteine,
cholesterol, triglycerides and creatinine.

The blood sample for homocysteine measurement was immediately cooled on
ice, centrifuged within 2 h and frozen until processed. The blood sampling proce-
dure was repeated 6 weeks later and processed in the same way.

L. Scharrer/W. Schramm (Ed.)
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Table 1. Values before and after the commencement of treatment with simvastatin and ator-
vastatin

Values/medication  Before start After start Differences Normal
of treatment of treatment range

Triglycerides (mg/dl)

Simvastatin 188(112-212) 142.5 (101-189) 24.5 (88-100) 50-150

Atorvastatin 290 (134-390) 234 (234-254) 56 (20-256)

Cholesterol (mg/dl)

Simvastatin 241 (226-312) 194 (119-246) 47 (86-127) 130-280

Atorvastatin 219 (219-338) 198 (169-213) 21 (44-119)

Creatinine (mg/dl)

Simvastatin 1.15 (0.2-7.1) 1.15 (0.8-8.1) 0 (6.9-7.3) <0.9

Atorvastatin 0.8 (0.7-0.9) 0.8 (0.6-1) 0 (0.2-0.4)

CRP (mg/dl)

Simvastatin 0.3 (0.1-0.6) 0.5 (0.3-1) 0.2 (0.5-0.7) <1.0

Atorvastatin 0.4 (0.3-1.9) 0.7 (0.8-1.4) 0.3 (0.8-1.6)

Homocysteine (pmol/l)

Simvastatin 10.25 (5.8-23.5) 8.75 (6.9-12.1) 1.5 (5.2-17.9) 3.8-13.8

Atorvastatin 7.2 (6.1-12.1) 8.4 (7-10.5) 1.2 (3.5-6)

The homocysteine value (normal range 3.8-13.8 pmol/l) was measured by enzyme
immunoassay (Axis Homocystein EIA). Cholesterol, triglycerides, creatinine and
CRP were measured with a Roche/Hitachi 747.

All statistical values are given as median values.

Table 1 describes the median values of patients in the various groups before and
after the start of treatment; Figs. 1-3 illustrate the results.

Resulits

These patients had received no previous lipid-lowering treatment. Six of the
patients had normal kidney function; one patient suffered from terminal kidney
insufficiency with a creatinine value of 7.1 mg/dl prior to therapy. The medication
was taken regularly.

Following the second measurement, the triglycerides had decreased under
simvastatin by 10.3%, and indeed by a total of 19.1% under atorvastatin (Table 1,
Fig. 2). Similar results were observed for cholesterol, which was reduced by 20.7%
under simvastatin treatment and by 22.8% under atorvastatin (Table 1, Fig. 2).

The measured homocysteine values showed that simvastatin effected a 10.2%
fall in level, but that atorvastatin had effected a 14.8% rise, although both were with-
in the normal range.

One of the patients receiving simvastatin had terminal kidney insufficiency with
raised creatinine and homocysteine values, which were, however, taken into account
in the median values.
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Fig. 1. CRP and creatinine
values before and after the
therapy with different
statins

Fig. 2. Cholesterol and
triglyceride values before
and after the therapy with
different statins

Fig. 3. Homocysteine values
before and after the therapy
with different statins
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The increase in the homocysteine level under atorvastatin (Table 1, Fig. 3) can
also be caused by other influencing factors, e.g. one female patient in the atorvasta-
tin group and a female patient from the simvastatin group had type II insulin-
dependent diabetes mellitus, which can also lead to increased values (these patients’
homocysteine values beforehand: 12.1 pmol/l).

The creatinine values showed a rise of 12% under simvastatin treatment, but
showed no changes under atorvastatin. The creatinine values under simvastatin
were already outside the limits of normality before the start of the treatment, due to
one of the male patients in this group having terminal kidney insufficiency.

The CRP values also showed slight changes, but within the normal range.

Discussion

Statins are milestones in primary and secondary prevention of CHD [5, Lipid Study
Group, NEJM 1998; 5, Ross et al., Arch Intern Med 1998]. They not only lower the
cholesterol and LDL values, but also have a profibrinolytic/antithrombotic effect
[1, Dangas et al., Thromb Haemost 2000]. Since, however, a rise in homocysteine
values under fibrate treatment was reported, the question that had to be answered
was whether the favorable statin effects were possibly obtained at the price of
unfavorable side effects such as a rise in homocysteine levels.

Dierkes et al. discovered a rise in the homocysteine level following fenofibrate
treatment (by 44%) and after bezafibrate (by 17.5%) [3]. De Lorgeril et al. also
reported a rise of 46% following 6 weeks of treatment with fenofibrate [2]. Jonkers
et al., in a double-blind study, described a homocysteine rise of 19% under fibrate
treatment [4].

On the basis of the data reported here, we did not ascertain a homocysteine
increase into the pathological range in a small patient collective with cardiovascu-
lar diseases after 6 weeks of statin therapy.

No significant changes in homocysteine levels were found: while the values in
four patients rose only slightly within the normal range, they fell in the other three
patients. Why the homocysteine level rose under fibrate treatment and not under
statin treatment has not been determined to date.

Jonkers et al. suspected an interaction of homocysteine with the peroxisomal
receptor PPAR [4].

Apparently, statins intervene in amino acid metabolism. Lorgeril et al. reported
a rise in arginine, a precursor of nitrogen oxide, which in turn plays an important
part in the dilation of the coronaries [2].

Summary

In this prospective study, seven patients were treated with either atorvastatin or sim-
vastatin. After six weeks of treatment, the only changes registered were within the nor-
mal range of homocysteine levels. A slight rise of 14.8% was recorded in the patients
treated with atorvastatin, as was a 10.2% drop in patients treated with simvastatin.
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Statins appear to be a good alternative for lipid-lowering treatment, especially
for patients who already have a cardiovascular and/or cerebrovascular disease and
show increased homocysteine levels.
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Alpha-2-Macroglobulin Level regulates the Anticoagulant
Cofactor Activity of Protein S in Cord and Adult Plasma

G. CVIRN, S. GALLISTL, M. KOSTENBERGER, J. KUTSCHERA, B. LESCHNIK
and W. MUNTEAN

Introduction

Alpha2-macroglobulin (a2-M) is a broad spectrum protease binding protein.
It is known to bind i.e. a-thrombin (1), and activated protein C (APC) (2). The
proteinases are physically trapped and thus their active sites are excluded from
natural substrates. It has been suggested that a2-M may provide protection from
thromboembolic events in antithrombin (AT) deficient children due to complex for-
mation with free a-thrombin (3).

We have recently shown that in cord and adult plasma containing physiological
amounts of AT no anticoagulant effect of a2-M addition due to complex formation
with free thrombin was observed (4). On the contrary, a2-M exhibits procoagulant
activity at physiological AT levels due to complex formation with APC. The anti-
coagulant APC destroys activated factors V and VIII and thus suppresses feedback-
activation of thrombin, reflected in decreased thrombin potential (TP) and pro-
thrombin activation (5). The TP is the area under the free thrombin generation
curve and has been shown to be a reliable parameter for assessing the thrombotic
state of a given plasma sample (6-8). Prothrombin activation was assessed by deter-
mining the time course of prothrombin fragment 142 (F142) generation. Complex
formation between a2-M and APC resulted in decreased anticoagulant action of
APC, reflected in enhanced TP and prothrombin activation (5). Nicolaes et al. have
shown the effect of APC on TP in normal and APC-resistant individuals (9).

Protein S (PS), a vitamin K-dependent plasma protein, binds to APC and serves
as a cofactor for the anticoagulant activities of APC (10). Thus, both a2-M and PS
compete for APC. Therefore, at elevated a2-M levels formation of the anticoagulant
APC/PS complex might be suppressed. It was the aim of our study to investigate the
effects of different a2-M levels on the anticoagulant cofactor activity of PS in cord
and adult plasma by determining time-courses of F1+2 and thrombin generation.
Decreased formation of the APC/PS-complex due to competition between a2-M and
PS for APC might be important particularly in cord plasma. A2-M levels in new-
borns are elevated over adult values (11) and the antithrombotic protein C pathway
is upregulated at birth (12).
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Materials and Methods
Reagents

Buffer A contained 0.05 M Tris-HCl at pH 7.4, 0.1 M NaCl and 0.5 M bovine serum
albumin. Buffer B was analogous to buffer A but contained in addition 20 mM EDTA.
A2-M concentrate from human plasma was purchased from Sigma, Vienna, Austria.
A stock solution was prepared by dissolving 10 mg of the lyophilized glycoprotein in
500 pl of distilled water, dialysis against buffer A for 3 h at 4°C, aliquots of 100 pl were
stored at -70°C. Activated protein C (APC) from human plasma was obtained from
ICN Biomedicals GmbH, Eschwege, Germany. A stock solution was prepared by
dissolving 50 pg of the lyophilized protein in 315 pl of distilled water, dialysis against
buffer A for 3 h at 4 °C, aliquots of 30 pl were stored at ~70°C. Protein S from human
plasma was obtained from ICN Biomedicals GmbH, Eschwege, Germany. A stock
solution was prepared by dissolving 100 pg of the lyophilized protein in 250 pl of
distilled water, dialysis against buffer A for 3 h at 4°C, aliquots of 30 ul were stored at
-70°C. Sheep anti-human protein S was purchased from CoaChrom, Vienna, Austria.
Proteinase A, an enzyme from the venom of the Mexican West Coast rattlesnake
(Crotalus basiliscus) was purchased from Pentapharm LDT, Basle, Switzerland. To
0.175 mg of the lyophilized protein 400 pl of distilled water were added and stored at
4°C. Unitest Assay for a2-Macroglobulin determination in human plasma was
obtained from CoaChrom Diagnostics, Vienna, Austria. As a trigger for the extrinsic
coagulation pathway we used Thromborel S from Behring Diagnostics GmbH,
Marburg, Germany, containing human placental thromboplastin and calcium
chloride. The fibrin polymerization-inhibitor H-Gly-Pro-Arg-Pro-OH (GPRP,
Pefabloc FG) was purchased from Pentapharm LDT, Basle, Switzerland. The chromo-
genic substrate used for thrombin determination was H-D-Phe-Pip-Arg-pNA.2HCl
(S 2238) from CoaChrom Diagnostics, Vienna, Austria. Testkit F1+2 micro for deter-
mination of prothrombin fragment 1+2 generation was obtained from Behring
Diagnostics GmbH, Marburg, Germany. Stopping solution for F1+2-determination
consisted of Trasylol:EDTA:Na-citrate=8:1:1 and 110 pM PPACK (D-Phe-Pro-Arg
chloromethyl keton) from Sigma, Vienna, Austria. Trasylol from Bayer, Vienna,
Austria contained aprotinin, a protease inhibitor. Electrophoresis: NuPAGE Tris-
acetate SDS running buffer (20X) and NuPAGE sample and transfer buffer from
Novex, San Diego, USA, was used. SeeBlue Plus2 pre-stained standard (1X) from
Novex, San Diego, USA, was used as molecular weight marker.

Collection and Preparation of Plasma

Cord blood was obtained immediately following the delivery of 14 full term infants
(38-42 weeks gestational age). It was collected into 0.1 molar citrate using a two
syringe technique, centrifuged at room temperature for 15 min at 2800 g, pooled and
stored at -70°C in propylene tubes until assayed. Clotting factors, AT, protein C, protein
S, and a2-M in the pooled cord plasma were in the normal range for neonates. In the
same way plasma from eight healthy adults was collected, prepared, and checked.
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Preparation of Plasma with Different a2-M Concentration

The a2-M activity of the pooled neonatal or adult plasma was decreased by the
addition of proteinase A, a metalloenzyme that forms a complex with a2-M at a
molar ratio of 1:1 (13, 14). To increase the a2-M concentration, to 1 ml of plasma
different amounts (0-80 pl) of purified a2-M concentrate were added.

Preparation of Plasma with Different PS Content

The PS content of the pooled cord and adult plasma was decreased by using sheep
anti-human protein S coupled to Sepharose 4B. The PS content of plasmas was
increased by spiking with different amounts of purified PS concentrate.

Determination of the a2-M Concentration

Determination of the a2-M concentration of pooled cord and adult plasma was per-
formed using the standard test kit Unitest Assay for a2-Macroglobulin determina-
tion in human plasma from CoaChrom Diagnostics, Vienna, Austria.

Determination of the PS Content

Determination of the PS content of pooled plasma was performed by means of a
standard coagulation method using protein S deficient plasma on a Behring Coa-
gulation Timer from Behring Diagnostics GmbH, Marburg, Germany.

Activation of Plasma

Three hundred and eighty microliters of plasma with different a2-M and PS con-
centrations were incubated with 20 pl of buffer A (containing different amounts of
APC and PS) for 1 min at 37°C. After subsequent incubation with 20 pl buffer A
containing H-Gly-Pro-Arg-Pro-OH (GPRP, Pefabloc FG) to inhibit fibrin poly-
merization and 15 pl Actin-FSL for 1 min at 37°C the plasma samples were activated
by addition of 18 pl 0.5 M CaCl,.

Determination of Prothrombin Fragment 1+2

Plasmas were prepared and activated as described above. At timed intervals 5-pl
aliquots were withdrawn from the plasma and subsampled into 495 pl stopping
solution. After subsequent 1:10-dilution in stopping solution, the amount of F1+2
generated was quantitated by using a standard immuno enzymatic test kit.
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Determination of Thrombin Generation

We used a subsampling method derived from a recently described technique (15).

Plasmas were prepared and activated as described above. At timed intervals 10-pl

aliquots were withdrawn from the activated plasma and subsampled into 490 pl

buffer B containing 255 pM $-2238. The reagents were prewarmed to 37°C.

Amidolysis of S-2238 was stopped after 6 min by addition of 250 pul 50% acetic acid.

The amount of thrombin generated was quantitated by measuring the absorbency

by double wave length (405-690 nm) in the Anthos microplate-reader 2001, from

Anthos Labtec Instruments GmbH, Salzburg, Austria. The total amidolytic activity

measured is caused by the simultaneous activity of free thrombin and a2-M/

thrombin complex (6). The amount of free thrombin was determined by two diffe-
rent methods:

A) At timed intervals, aliquots of the extrinsically activated plasma were sub-
sampled into buffer B containing heparin (20 U/ml) and AT (3.4 U/ml) to
rapidly and completely inactivate free thrombin in the sample. The residual
amidolytic activity was then determined as described above for the total ami-
dolytic activity. The amidolytic activity of the a,-M/thrombin complex was
subtracted from the total amidolytic activity (16).

B) Free thrombin generation curves were calculated by mathematical treatment of
total amidolytic activity curves using a method developed by Hemker et al (7).

Electrophoresis

A2-M and PS were incubated for 2 h at 37°C in the presence of 2.5 mmol/l CaCl,. To
detect possible complex formation between a2-M and PS we used nondenaturing
SDS-PAGE according to Hoogendoorn et al. (2).

Results

Plasma containing different amounts of a2-M was prepared by addition of purified
a2-M concentrate or by administration of proteinase A to the pooled plasma.
Proteinase A is a metalloenzyme that forms a complex with a2-M at a molar ratio of
1:1. Under our experimental conditions the a2-M protein concentrate did not clea-
ve the chromogenic thrombin substrate S 2238. After addition of different amounts
of APC and PS the plasma was intrinsically activated, subsequently F1+2 generation
and thrombin potential were determined using subsampling techniques. The
conversion of the thrombin substrate 52238 is caused by two different molecular
species: free thrombin and the a2-M/thrombin complex. To determine free throm-
bin generation curves from total amidolytic activity curves we used two different
methods as described in Material and Methods. Free thrombin generation curves
obtained with both methods were identical within the limits of experimental error.
Experiments were done in cord plasma over a concentration range of 1.87-4.43 uM
a2-M and in adult plasma over a concentration range of 1.38-4.18 pM a2-M. All
experiments were done in triplicate, the average is shown in all figures.
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Effect of PS Administration to Cord Plasma Containing 1.45 pg/ml APC
in the Presence of Different Amounts of a2-M on Prothrombin Activation

To determine prothrombin activation in plasma containing 1.45 pg/ml APS in the
presence of different amounts of a2-M and PS we recorded the time course of F1+2
generation as described in Materials and Methods. The height of the end level of the
F1+42 generation curve is an indicator for the total amount of prothrombin split. A
typical experiment is shown in Fig. 1. In the presence of 4.43 mg/ml a2-M elevation
of the PS content from 2.9 pg/ml up to 5.0 and 7.1 pg/ml respectively, resulted in a
slight decrease in prothrombin activation. The height of the end level of the F1+2
generation curve decreased from 0.57 to 0.55 and 0.52 puM respectively, shown in
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Fig. 1. Effects of different concentrations of protein S (M-square 2.9 ug/ml, @-circle 5.0 pg/ml,
A-triangle 7.1 pg/ml) in cord plasma containing 1.45 pg/ml APC in the presence of 4.43 mg/ml
a2-M (a) and 2.92 mg/ml a2-M (b) on generation of prothrombin fragment 1+2. Results are
expressed as means (n=3)
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Table 1. End levels of prothrombin fragment 142 generation curves (FI+2) and thrombin
potential (TP) in cord plasma containing 1.45 pg/ml activated protein C (APC) and 2.9,5.0,and
7.1 pg/ml protein S (PS) respectively, in the presence of different amounts of alpha2-macro-
globulin. Results are expressed as means (n=3)

a2-M content  1.45 pg/ml APC 1.45 pg/ml APC 1.45 pg/ml APC
(mg/ml) + 2.9 ug/ml PS + 5.0 pg/ml PS + 7.1 pg/ml PS
F1+2 TP F1+2 TP F1+2 TP
(uM) (nM/min) (uM) (nM/min) (uM) (nM/min)
1.87 0.44 214 0.30 145 0.16 78
2.25 0.46 222 0.33 161 0.22 108
2.68 0.48 233 0.37 180 0.26 126
2.92 0.49 238 0.41 199 0.31 150
3.20 0.50 247 0.42 214 0.34 172
3.59 0.53 257 0.47 228 0.41 199
4.00 0.54 265 0.49 246 0.45 228
4.43 0.57 276 0.55 267 0.52 252

Fig. 1a. In the presence of 2.92 mg/ml a2-M, the same elevation of the PS content
resulted in a marked decrease in prothrombin activation. The height of the end level
of the F1+2 generation curve decreased from 0.49 to 0.41 and 0.31 uM respectively,
shown in Fig. 1b. Heights of the end level of the F1+2 generation curves for PS
administration to plasma containing 1.45 pg/ml APC and 1.87-4.43 mg/ml a2-M are
listed in Table 1: the height of the end level increased dose-dependently when the
a2-M content was successively elevated.

Effect of PS Administration to Cord Plasma Containing 1.45 pg/ml APC
in the Presence of Different Amounts of a2-M on Thrombin Generation

We determined the time course of free thrombin generation as described by
Hemker et al. (7). The area under the thrombin generation curve is called thrombin
potential (TP). A typical experiment is shown in Fig. 2. In the presence of
4.43 mg/ml a2-M elevation of the PS content from 2.9 up to 5.0 and 7.1 pg/ml
respectively resulted in a slight suppression of thrombin generation. The TP decrea-
sed from 276 to 267 and 252 nM/min respectively (Fig. 2a). In the presence of
2.92 mg/ml a2-M the same elevation of the PS content resulted in markedly
diminished thrombin generation. The TP decreased from 238 to 199 and
150 nM/min, respectively (Fig. 2b). TPs for PS administration to plasma containing
1.87-4.43 pg/ml a2-M are listed in Table 1: the TP increased dose-dependently when
the a2-M content was successively elevated.
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Fig. 2. Effects of different concentrations of protein S (M-square 2.9 pg/ml, @-circle 5.0 ug/ml,
A-triangle 7.1 ug/ml) in cord plasma containing 1.45 pg/ml APC in the presence of 4.43 mg/ml
a2-M (a) and 2.92 mg/ml a2-M (b) on free thrombin generation. Results are expressed as
means (n=3)

Effect of PS Administration to Adult Plasma Containing 3.5 pg/ml APC
in the Presence of Different Amounts of a2-M on Prothrombin Activation
and Thrombin Generation

We determined the time courses of F1+2 and free thrombin generation as described
above. Essentially the same results were obtained in adult as in cord plasma.
Administration of PS to plasma containing high amounts of a2-M resulted in slight
suppression of prothrombin activation and thrombin generation, reflected in
slightly suppressed end levels of F1+2 generation curves and TP, respectively. The
same PS administration to plasma containing low amounts of a2-M resulted in a
marked suppression of prothrombin activation and thrombin generation, reflected
in markedly suppressed end levels of F1+2 generation curves and TP (Table 2).
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Table 2. End levels of prothrombin fragment 1+2 generation curves (FI+2) and thrombin
potential (TP) in adult plasma containing 3.5 pug/ml activated protein C (APC) and 6.1, 10.0,
and 18.8 pg/ml protein S (PS) respectively, in the presence of different amounts of alpha2-
macroglobulin (a2-M). Results are expressed as means (n=3)

a2-M content 3.5 pg/ml APC 3.5 ug/ml APC 3.5 pg/ml APC
(mg/ml) + 6.1 pg/ml PS + 10.0 pg/ml PS + 18.8 pg/ml PS
F1+2 TP F1+2 TP F1+2 TP
(pM) (nM/min) (uM) (nM/min) (pM) (nM/min)
1.38 0.85 381 0.64 287 0.24 108
1.82 0.92 412 0.75 336 0.39 175
2.96 1.10 493 0.98 439 0.76 340
3.92 1.25 560 1.19 533 1.08 484
4.18 1.27 569 1.22 546 1.12 502

Interaction Between a2-M and PS

No complex formation between a2-M and PS was observed by means of SDS-PAGE
under nondenaturing conditions (data not shown).

Discussion

PS serves as a cofactor for APC (10). The APC/PS-complex cleaves activated factors
V and VIII and thus suppresses feedback-activation of thrombin (17-19). The func-
tion of PS appears to be to alter the cleavage site preferences of APC in FVa, pro-
bably by changing the distance of the active site of APC relative to the membrane
surface (20). We have recently shown a dose-dependent correlation between APC
content of a given plasma sample and thrombin generation: elevation of the APC
concentration resulted in prolonged clotting times and suppressed thrombin gene-
ration (21). The area under the free thrombin generation curve is called thrombin
potential (TP) and has been shown to be a reliable parameter to assess the combi-
ned effects of all procoagulant and anticoagulant factors that may influence throm-
bin generation in a given sample (8).

Hoogendoorn et al. demonstrated a time dependent inhibition of APC by a2-M
using an activated partial thromboplastin time (aPTT) based APC assay (2). In
accordance, we have recently shown that in plasma containing physiological
amounts of AT the anticoagulant action of APC is suppressed in the presence of
high amounts of a2-M by determining prothrombin activation and TP in both cord
and adult plasma (22).

Thus, a2-M reveals anticoagulant action by binding free thrombin (23), and, on
the other hand, acts as a procoagulant by inhibiting APC, associated with augmen-
tation of thrombin generation. Protein C inhibitor (PCI) is the most important APC
inhibitor (24). However, it has been shown that a2-M becomes a more important
inhibitor of APC when the primary inhibitor PCI is consumed in the face of a
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sustained procoagulant challenge. Marked amounts of a2-M/APC complexes were
detected during the clinical course of disseminated intravascular coagulation (25).

In the present study we provide further evidence of a possible procoagulant
activity of a2-M. APC requires PS as a cofactor to reveal anticoagulant action. Thus,
levels of PS co-regulate the amount of APC/PS-complex built in the plasma sample.
PS deficiency might contribute to an unfavorable outcome of thromboembolic com-
plications (26, 27). The anticoagulant action of PS is usually determined via the
ability of the APC/PS-complex to prolong the aPTT (28,29). However, features of the
thrombin generating process that take place after clotting has occurred are not
reflected in the clotting time (8). Therefore, we determined prothrombin activation
and free thrombin generation in the presence of different amounts of PS in cord
plasma containing 1.5 pg/ml APC and in adult plasma containing 3.5 ug/ml APC.
These respective concentrations of APC were applied to simulate activation of the
bulk of protein C present in cord or adult plasma. In both cord and adult plasma we
found a dose-dependent correlation between PS content and F1+2 or free thrombin
generation respectively: F1+2 generation and TP were dose-dependently sup-
pressed when PS concentration was successively elevated and dose-dependently
enhanced when PS concentration was successively decreased. We conclude that at
elevated PS levels more APC/PS-complex is built, resulting in increased cleavage of
FVa and FVIIIa, associated with suppressed thrombin generation.

Additionally, we found that the anticoagulant cofactor activity of PS depends on
the a2-M level in cord and adult plasma: the anticoagulant action of PS was decreased
at elevated a2-M levels, and enhanced when a2-M levels were successively decreased.
One simple explanation for decreased anticoagulant action of PS at high a2-M levels
might be complex formation between a2-M and PS. However, we could not detect the
formation of an a2-M/PS-complex by incubation of both inhibitors in the presence of
2.5 mM CaCl,. This is in accordance with Hoogendoorn et al., who found that mate-
rial bound to a2-M in plasma is free of PS (2). Since they have shown that complex
formation between a2-M and APC effectively only occurs in the presence of Ca?*-ions
(2, 30), we used weak activation of plasma to provide sufficient time for complex for-
mation in all experiments. Our data show that in plasma containing APC and low
amounts of a2-M supplementation of PS results in stronger suppression of F1+2 and
thrombin generation compared with plasma containing the same amount of APC but
high levels of a2-M. Thus, we attribute decreased anticoagulant action of PS at high
a2-M levels to competition between a2-M and PS for APC. In the presence of high
amounts of a2-M, formation of the APC/PS-complex is decreased.

We suggest that a2-M reveals both anticoagulant and procoagulant action
dependent on the AT content of the given plasma sample. In AT deficient plasma
a2-M essentially reacts as an anticoagulant by complexing generated thrombin. It
has been demonstrated that a2-M complexes up to 49% of generated alpha throm-
bin in cord plasma (31). When the AT content is successively elevated, the percent-
age of thrombin bound to a2-M decreases. Thus, more a2-M is available to compete
with PS for APC, resulting in decreased formation of the APC/PS-complex.

Our findings have implications particularly for thrombin generation and inhi-
bition in cord plasma. Some clotting factors, especially prothrombin, are much
lower in neonates than in adults. However, neonates have no easy bruising and good
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wound healing. A2-M levels in newborns are elevated over adult values (11, 32). In
addition, it has been shown that PS activity is high due to decreased C4b-binding
protein in neonates (33) and that the antithrombotic APC/PS pathway is upregulat-
ed at birth (12). We suggest that elevated levels of a2-M might restrict the upregu-
lation of the APC/PS pathway, and thereby help to maintain a balanced clotting
system in neonates.
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Combined Prothrombotic Defects and Contraceptives -
Risk Factor for Deep Venous Thrombosis in Adolescence

R. SCHOBESS, A. JossoY and S. BURDACH

Introduction

Hereditary risk factors for thrombosis in adults are well known. The latest studies
(5,6,7,9,10) have shown that the heterozygous factor (F) V G1691A mutation and
increased lipoprotein (Lp) (a) are the most commonly found prothrombotic risk
factors for spontaneous thrombosis during infancy and early childhood (e.g. in
childhood strokes and vena caval thrombosis). In contrast, the prothrombin (PT)
G20210A variant is likely to be more important during puberty and adolescence (9).

Pediatric venous thromboembolism is being increasingly viewed as a multifac-
torial disorder as well (2). However, information on the role of combined hemosta-
tic defects in childhood thrombosis is limited. Very recently we have shown eleva-
ted Lp (a), the heterozygous state for the FV G1691A mutation and the PT G20210A
mutation, deficiencies of protein C and antithrombin to be risk factors for child-
hood thromboembolism (1,2,3,4,8).

Case Report

The following case report presents evidence that further additional endogenous
and exogenous trigger mechanisms such as oral contraceptives contribute to the
early onset of venous thromboembolism in childhood carriers of the PT G20210A
variant and elevated Lp (a) levels.

Patient History and Clinical Manifestation

We report the case of a 15-year-old girl with combined prothrombotic risk factors
and deep vein thrombosis (DVT) in the lower extremities. The thrombotic event
was on October 18, 1999. The girl had been taking hormonal contraceptives for
1 year. She reported pain in the left inguinal region and in the hip for a few weeks.
Two days before admission she suffered swelling and blueness of the left leg. It was
suspected that the leg and pelvic deep veins were occluded.

Family History

The parents and the brother are asymptomatic. The father has elevated Lp (a), the
mother bears the PT G20210A variant heterozygous and the brother has both the
elevated Lp (a) and the PT G20210A variant heterozygous.
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Fig. 1. Initial duplex sonography

Diagnostic Measures

Initial Spiral CT of the Pelvis

The left leg and pelvic deep veins were occluded.

Initial Duplex Sonography

The superficial and common femoral veins and the external and common iliac veins
on the left side were completely occluded (Fig. 1)

Initial MRI Abdomen/Pelvis

There were thromboses of the femoral vein and the left external iliac vein, aplasia
of the inferior vena cava with blood flow off into the superior vena cava via the
azygos/hemiazygos vein system (Fig. 2).

Final Radiological Diagnosis

There was a complete occlusion of the left leg and pelvic deep veins and an aplasia
of the inferior vena cava in the caudal part.
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Fig. 2. Initial MRI

Thrombophilia Factors

The normal and pathological results are as follows:

- Normal results: AT III: 109%; FXII: 100%; APC ratio: 2.3; protein C: 100%; protein
S: 94%; ANA, AMA,SMA, cardiolipin, AK: negative

- Pathological results: PT: G20210A mutation (heterozygous); Lp (a): 0.75 g/l
(normal <0.2 g/1); MTHFR C677T: mutation (heterozygous); fasting homo-
cysteine: 10.4 pmol/l (ELISA) (normal <8.0 pmol/l)

Therapy
Side Effects of Fibrinolysis Therapy

After non-successful thrombolysis and side effects rt-PA was stopped. The side

effects were as follows:

- Extensive hematomas of the extremities, especially at the places of vein puncture

- Nose bleeding

- Decrease in hemoglobin

- Decrease in plasminogen: 115% on day 1 and 41% on day 5 of the treatment
(fresh frozen plasma infusion was necessary)

LMW heparin was given for another 10 days; cumarin was administered orally
(Table 1).
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Table 1. Therapy
Therapy Dose Laboratory results
Initial heparin (UFH) 400 U/kg/d PTT 46 s (normal 24-36)

2nd day rt-PA (Actilyse)  0.9-2.0 mg/kg/day Fibrinogen: 9.3 g/l up to 0.9 g/l on day 5
D-dimers: 0.53 mg/l up to >4.3 mg/l (N <0.25)
Plasminogen: 129% up to 41%

From day 5 LMW heparin 1 mg/kg, Anti Xa level 0.63 U/ml; 0.78 U/l; 0.98 U/ml
(Clexane) 2x/day s.c.,

2x60 mg/day
From day 15 Marcumar INR 2.5-3.0

Course and Results

MR angiography was performed 4 weeks after fibrinolysis. Recanalization of the
left iliac vein was reached due to anticoagulation with heparin and following
Marcumar. Four months after the thrombotic event duplex sonography showed
recanalization of the iliac vein and femoral veins on the left side as well as venous
drainage by the azygos veins system. One year after the thrombotic event (October
2000) oral anticoagulation was ended.

Risk Factors for Thrombosis

The risk factors for thrombosis are as follows:

- Exogenous: hormonal contraceptives

~ Genetic: PT G20210A mutation (heterozygous); Lp(a) increase; C-677-T MTHFR
mutation (heterozygous); elevated fasting homocysteine

- In addition: connatal or neonatal thrombosis of the inferior vena cava

Discussion

We conclude a connatal thrombosis of the inferior vena cava in the caudal part and
secondary hypoplasia when inheriting two genetic risk factors (elevated Lp (a) and
PT G20210A variant). Miinchow described that the FV gene mutation or increased
Lp (a) concentrations are more common in vena cava occlusion during infancy
compared with older children, who predominantly presented isolated vena cava
thrombosis concomitant with the heterozygous PT G20210A gene mutation. In
adolescence the girl suffered from a recurrent venous thrombosis (rVTE) of the leg
and pelvic veins (the triggering factor was oral contraceptives). Data from a pro-
spective multicenter study (8) show that the risk of recurrent VTE in children with
a first symptomatic episode of venous thromboembolism is significantly higher in
patients carrying two or more prothrombotic risk factors, adjusted odds ratio:
3.3 (301 patients included). The results of a multicenter family study show that
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symptomatic children with spontaneous venous thromboembolism have a signifi-
cantly higher rate of combined genetic prothrombotic risk factors than their first-
degree family members (4).

Conclusion

The case report demonstrates the greater importance of PT G20210A mutation for
thrombosis during puberty and adolescence and the risk of recurrent venous
thrombosis in children with combined prothrombotic risk factors. The combina-
tion of prothrombotic genetic risk factors additional to hormonal contraception is
to be seen as cause for thrombosis. Before the prescription of hormonal contra-
ception for adolescents prothrombotic risk factors should be excluded.

References

1. Andrew M et al. (1997) Arterial thromboembolic complications in pediatric patients.
Thromb Haemost 78:715-25

2. Ehrenforth S et al. (1999) Multicenter evaluation of combined prothrombotic defects asso-
ciated with thrombophilia in childhood. Eur ] Pediatr 158:597-S104

3. Junker R et al. (1999) Prothrombin G20210A gene mutation and further prothrombotic
risk factors in childhood thrombophilia. Arterioscl Throm Vasc Biol 19:2568-72

4. Kosch A et al. (1999) Rate of combined prothrombotic risk factors is significantly increa-
sed in children with spontaneous venous thromboembolism compared with their asym-
ptomatic first-degree family members. Blood 94 (abstract)

5. Miinchow N et al. (1998) Role of genetic prothrombotic risk factors in childhood caval vein
thrombosis. Eur J Pediatr 158:5109-S112

6. Nowak-Gottl U et al. (1999) Increased lipoprotein (a) is an important risk factor for venous
thromboembolism in childhood. Circulation 100:743-48

7. Nowak-Gottl U et al. A (1999) Lipoprotein (a) and genetic polymorphisms of clotting fac-
tor V, prothrombin, and methylenetetrahydrofolate reductase are risk factors of sponta-
neous ischemic stroke. Blood 94:3678-82

8. Nowak-Gottl U et al. (1999) Risk of recurrent venous thrombosis in children with com-
bined prothrombotic risk factors. Blood 2001 in press

9. Schobef R et al. (1999) Factor V G1691A and prothrombin G20210A in childhood spon-
taneous venous thrombosis - Evidence of an age-dependent thrombotic onset in carriers
of factor V. G1691A and prothrombin G20210A mutation. Eur J Pediatr 158:5105-S108

10. Vielhaber H et al. (1998) Cerebral venous sinus thrombosis in infancy and childhood: role

of genetic and acquired risk factors of thrombophilia. Eur ] Pediatr 157:555-60



Role of a 23 bp Insertion in Exon 3 of the Endothelial Cell
Protein C Receptor Gene in Venous Thrombophilia

M. voN DEPKA PRONDZINSKI, A. CZWALINNA, R. EISERT, C. WERMES,
B. CANEPA, I. SCHARRER, A. GANSER and S. EHRENFORTH

Introduction

One of the most frequent causes of morbidity and mortality among Caucasians is
the development of thromboembolic disorders. Besides circumstantial influences,
patients carrying prothrombotic gene defects are at risk of developing VTE. Among
others, the protein C anticoagulant pathway is an important mechanism regulating
thrombin generation and the blood clotting response. Therefore deficiencies of
members of the protein C anticoagulant pathway may cause severe thrombotic
complications. Both protein C and activated protein C (APC) bind to human endo-
thelial cell protein C receptor (EPCR), a newly described member of the protein C
anticoagulant pathway [1, 2]. EPCR is located on the surface of endothelial cells of
larger vessels, especially of arteries [3, 4], and one of its physiological functions
seems to be the enhancement of protein C activation by the thrombin-thrombo-
modulin complex in an EPCR concentration dependent fashion [5]. On the other
hand, EPCR seems to inhibit the APC anticoagulant activity [6], which in turn could
cause increased thrombotic tendency |7, 8]. Recently, a 23 bp insertion in exon 3 of
the EPCR gene at position 7116 generating a duplication of the 23 bases preceding
the insertion point has been described [9]. The mutation generates a STOP codon at
the sixth codon downstream of the insertion point. The predicted receptor is
truncated missing a part of exon 3 and the whole exon 4. This prompted us to
evaluate the frequency of EPCR insertion in patients with VTE.

Materials and Methods

The current study population comprised 640 consecutive patients (384 females, 256
males, Caucasians of the same ethnic and geographical background) who were
referred to our outpatient clinics for investigation of thrombophilia. All patients
had at least one venous thromboembolic event objectively confirmed by either
duplex sonography, ascending phlebography or computed tomography. Patients
with evidence of malignancies and/or anti-phospholipid antibody syndrome were
excluded. The presence of circumstantial risk factors at the time of any VTE episo-
de (use of oral contraceptives, immobilization longer than 3 days, pregnancy, puer-
perium, surgery, trauma, or leg cast) was recorded. As controls we screened 395
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Fig. 1. Ethidium-bromide-stained gel showing two EPCR genotypes. The short fragment
(130 bp) corresponds to the non-insertion allele, the longer (155 bp) to the insertion allele

healthy blood donors (216 females, 179 males) without a history of VTE disease, and
from the same ethnic and geographic backgrounds as the patients.

For gene analysis, venous blood was collected in EDTA-treated tubes, and geno-
mic DNA was isolated by standard methods. Determination of the PT G20210 A
and FV:G1691 A genotypes by polymerase chain reaction was done as described
elsewhere [10]. For EPCR genotyping the following primers were designed to
amplify the intron 2-exon 3 boundary and part of exon 3 of the EPCR gene: 5’-CTC
TGC ACA GTC CCC TGA TC-3’ (nt 7064 to 7083) and 5’-CTC CCA TTC ACA GCC
ACT TCG AAG-3’ (nt 7169 to 7192). Ten pmol of each primer were used in a final
volume of 50 pl containing 2 mM MgCl,, 50 mM KCl, 20 mM Tris-HCI (pH 8.0),
0.25 mM of each ANTP, one unit of Taq polymerase. Amplification procedure con-
sisted of 33 cycles, denaturation at 94°C for 30 s, annealing at 59°C for 30 s, exten-
sion at 72°C for 30 s. The amplification product is a 130 bp fragment in the absen-
ce of the insertion and a 155 bp fragment in the presence of the insertion. The
amplification products were electrophoresed on 4% agarose gel and stained with
ethidium bromide (Fig. 1).

DNA sequencing was performed in 223 samples from individuals with the wild
type genotype and in all samples from the heterozygotes to validate the mentioned
PCR protocols using the 310 ABI Prism Genetic Analyzer and BigDye Terminator
Sequencing chemistry (Perkin-Elmer, Weiterstadt, Germany). In addition to the
EPCR insertion, a polymorphism in exon 3 leading to C to T transition at position
7082 was identified in samples which were sequenced.
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Plasma protein C and antithrombin activity as well as free protein S were assay-
ed with commercially available kits excluding 190 (29.7%) patients on oral anticoa-
gulant therapy at the time of blood sampling.

This multicenter study was performed in accordance to the 1996 Declaration of
Helsinki. All patients had given informed consent prior to study enrollment.

Statistical Analysis

Genotype frequencies were compared between cases and controls by using the x2
test. The odds ratios (OR) for VTE, 95% confidence intervals (CI) and P-values (2
test; corrected for multiple testing according to Bonferroni, or Student’s ¢-test res-
pectively) were calculated. P-values less than 0.05 were considered significant. All
calculations were carried out using the SPSS for Windows Release 9.01 statistical
package (SPSS, Chicago, Illinois, USA).

Results

Among 640 study patients, the median age at thrombotic onset manifestation was
54 years (range 1-82). Sixty-six percent of all patients suffered from their first VTE
before the age of 50 years. The median age of the controls at the time of investigati-
on was 45 years (range 18-65) yielding no significant difference in age distribution
between patients and controls.

Four hundred and eighty-three (75.5%) patients suffered from VTE of the lower
limb. Twenty-seven (4.2%) subjects had retinal vein thrombosis, 43 (6.7%) subjects
had thrombosis in the splanchnic region. Three (0.5%) subjects had VTE of the
caval vein, 10 (1.6%) subjects had cerebral VTE, 34 (5.3%) subjects had thrombosis
in the upper limbs, and 40 (6.3%) patients had primary pulmonary embolism.

In 51.6% of all cases, the first VTE occurred in the absence of circumstantial fac-
tors. In the remaining patients recent major surgery was documented in 5.9%, trau-
ma in 17.2%, and immobilization in 5.9%. In 3.8% of the female subjects the first
VTE occurred during pregnancy, and in 4.5% after delivery. Of the female patients
28.7% were on oral contraceptives. In 39 patients (6.1%) more than one circum-
stantial risk factor was present.

The prevalence of hereditary risk factors found in this study are shown in
Table 1. The heterozygous form of the EPCR 7116 23 bp insertion was identified in
one patient only (0.2%), compared with three (0.8%) among controls, yielding an
OR of 0.2 (95% CI 0.02-2.0; P=0.3). No homozygous carriers were detected.

Discussion

As EPCR augments protein C activation by the thrombin-thrombomodulin com-
plex, and the protein C anticoagulant pathway is a well known mechanism promo-
ting reduced thrombin activation, it is likely that defects or deficiency states of
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Table 1. Frequency of EPCR insertion and known prothrombotic defects, and associated risk
of venous thromboembolism

Risk factor Patients, n Controls, n *P-values, x2 test OR

(%) (%) (95% CI)
EPCR 23 bp insertion 1/640 (0.2) 3/395 (0.8) 0.3 0.2 (0.02-1.9)
FV 1961GA 136/640 (35.9)  33/395 (8.4) 0.000 6.1 (4.1-9.1)
FV 1691AA 17/640 (2.8) 0/395 (0%) 0.000 -
Prothrombin 20210GA  49/619 (8.0) 6/357 (1.7) 0.006 5.1 (2.1-11.9)
AT deficiency 13/389 (3.3) 2/202 (1.0) 0.6 1.9 (0.4-8.7)
PC deficiency 9/407 (2.2) 2/195 (1.0) 0.47 2.2 (0.5-10.2)
PS deficiency 30/398 (7.5) 2/192 (1.0) 0.002 7.8 (1.9-33.1)

*Corrected according to Bonferroni

EPCR may predispose to VTE [7, 8]. As a STOP codon the sixth codon downstream
of the insertion point is generated by the 23 bp insertion, the predicted receptor
misses part of exon 3 and the whole exon 4. Yet, it is unclear whether the truncati-
on generates a loss or decrease in function of EPCR and impairs protein C activati-
on. In an early report, Merati et al.9 found the EPCR mutation in 0.8% of 404 con-
trols compared with 3.4% of 149 patients with VTE, giving a crude OR of 4.6 with a
wide 95% CI (1.1-19.7). However, in our study the 23 bp insertion in exon 3 of the
EPCR gene was not found to be more prevalent among patients with a history of
VTE (0.2%) than in healthy controls (0.8%, OR 0.2; 95% CI 0.02-2.0; P=0.3), indica-
ting that the EPCR insertion does not represent a major risk factor for the develop-
ment of VTE.

Our results might be explained by several findings. First, it could be demonstra-
ted by immunohistochemical investigations that EPCR is located particularly in the
aorta and large arteries, whereas it seems to be less present in veins of similar size
and to be absent in microvessels [3, 4]. With regard to the vascular location of EPCR,
it is therefore unlikely that EPCR plays an important role in the pathogenesis of
VTE. Secondly, EPCR binds protein C and activated protein C2, which bind to
soluble- and membrane-bound EPCR with similar affinity [11]. When protein C
binds to EPCR, EPCR enhances protein C activation by the thrombin-thrombo-
modulin complex [5], but APC loses its anticoagulant ability when bound to EPCRS.
Therefore, it cannot be ruled out that EPCR may inhibit inactivation of activated FV
by binding APC, and that this effect may counteract the ability of EPCR to activate
protein C. It is not known whether truncated EPCR caused by the insertion may
impair the binding of soluble- or membrane-bound EPCR to APC. In this case the
mutation would result in an anticoagulant effect as the blocking of the anticoagu-
lant function of APC bound to EPCR is diminished.

In conclusion, our findings failed to support an association between the 23 bp
insertion in exon 3 of the EPCR gene and an increased risk of VTE. The low preva-
lence of this EPCR insertion allele among controls of less than 1% makes estimati-
ons of its frequency in the general population difficult. Therefore, analysis of the
role of EPCR insertion in VTE, if any, or potential interactions with other risk fac-
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tors of VTE will be feasible in large scale studies only. The function of EPCR and the
structure function relations of this molecule still need to be further clarified.
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