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Background. Heterogeneous bleeding phenotypes are observed in haemophilia A patients with the 
same mutation in the F8 gene. Specific mutations in the A2 domain of factor VIII are associated with 
mild haemophilia and a higher risk of inhibitor development. Double mutations in mild haemophilia 
A are rarely reported. In this study, we investigated the in vitro function of factor VIII, performing 
different specific and global coagulation assays, observed clinical characteristics and assessed the 
possible predictive diagnostic value of the differences.

Materials and methods. The clinical features of haemophiliacs with a mild phenotype were 
reviewed. Blood samples were obtained and analysed for mutations and coagulation assays: activated 
partial thromboplastin time, one-stage and chromogenic factor VIII activity, factor VIII antigen and 
rotational thromboelastometry.

Results. We report on a cohort of 22 patients with double Glu113Asp, Arg593Cys mutations. All 
our patients have a quantitative defect of factor VIII and preserved similar functional activity. Factor 
VIII activities measured by the one-stage or chromogenic method were not discrepant, although the 
chromogenic assay resulted in 20% lower factor VIII activities. Waveform analysis showed a lower 
maximum value of the second derivative curve (Max2) of APTT with curve shape alternation, while 
thromboelastometry (INTEM) showed low sensitivity in comparison to results in a normal population.

Discussion. In genotyping, the coexistence of a second mutation should never be excluded, 
especially in cases of discordant clinical presentation. Waveform analysis correlates better with factor 
VIII activity than thromboelastometry and the Max2 parameter could provide additional information 
in managing haemophilia patients. The utility of specific factor activity and global haemostatic assays 
in general practice still needs to be investigated.

Keywords: mild haemophilia A, double mutation, FVIII assay, waveform analysis, 
thromboelastometry.

Introduction
Haemophilia A is a recessively inherited, X-linked 

bleeding disorder. In the mild form, the coagulant 
activity of factor VIII (FVIII:C) in patients' plasma 
is reduced to 5-40%, being 30% on average1. The 
FVIII:C usually correlates with the clinical severity of 
haemophilia A; however, it is known that patients with 
the same FVIII:C can have different clinical bleeding 
phenotypes2,3. Patients with a mild form of the disease 
usually suffer from bleeding after trauma or surgery 
and rarely experience spontaneous haemarthroses4. 
Haemophilia is initially suspected when the activated 
partial thromboplastin time (APTT) is prolonged. The 
FVIII:C can be measured by a one- or two-stage clotting 
test or by the simplified chromogenic method. It is now 
clear that the one-stage clotting test or chromogenic 

method can result in discrepant results for FVIII:C, thus 
affecting the classification of haemophilia severity5,6. 

Low procoagulant activity is caused by a deficiency 
or dysfunction of the FVIII protein due to mutations in 
different domains7. About 410 of more than 2,000 identified 
F8 mutations are single base substitutions and cause 
mild haemophilia A (HAMSTeR/HADB, http://www.
factorviii-db.org/, last accessed on 22/06/2014). Almost 
50% of missense mutations are clustered in the A2 domain8. 
These mutations can cause defects in protein folding and 
intracellular trafficking, defects in interactions with von 
Willebrand factor, thrombin activation, stability of FVIII, 
phospholipid binding and interactions with activated factor 
IX9,10. The amount of factor VIII protein (FVIII:Ag) in 
plasma does not always correlate with the protein's activity. 
About 5% of patients with haemophilia A have a normal to 
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slightly reduced level of dysfunctional FVIII in plasma as 
measured by the immunological method (type II defect)11. 

The coexistence of multiple mutations in the same 
gene can have synergistic, neutral or opposing effects 
on the clinical phenotype12. There are 13 published 
cases of patients with double mutations in the F8 
mutation database (HAMSTeRS/HADB, http://www.
factorviii-db.org/, last accessed on 23/04/2014), four 
of them described as having a mild phenotype. Kentsis 
et al. reported that a double mutation can cause a more 
severe phenotype13, while the presence of an additional 
mutation should be considered in a discrepant phenotype.

Some mutations contribute to a higher risk of 
inhibitor development but the global incidence of 
this complication remains low in mild haemophilia: 
2.7-13%9. Such mutations are located mainly within 
exons encoding C2 domains of the light chain of FVIII. 
The Arg593Cys mutation in the A2 domain has been 
identified as causing mild haemophilia with a higher 
risk of inhibitors14-16. Treatment modality (continuous 
infusion of the FVIII concentrate in association 
with surgical procedures), age at first exposure to 
exogenous FVIII, race and family history, and additional 
immunological markers involved in antibody production 
are all risk factors which have been associated with a 
higher risk of inhibitor development17-20.

We present a group of patients from Slovenia with 
the phenotype of mild haemophilia A and Arg593Cys, 
Glu113Asp mutations, either as a single or a double 
mutation. All cases had a prolonged APTT and FVIII 
activity, measured by a one-stage test, between 5% and 
50%. In this cohort, we investigated possible discrepancies 
in coagulation results as determined by different FVIII:C 
assays and examined the value of APTT waveform 
analysis and rotational thromboelastometry (ROTEM®, 
ROTEM delta, Pentapharm GmbH, Munich, Germany). 
Possible synergistic effects of a double mutation on tests 
and clinical characteristics were explored and the potential 
predictive diagnostic value of tests was assessed.

Material and methods
Patients

In the Slovenian national registry, 48% of all 189 
patients with haemophilia A have a mild phenotype. All 
of these patients (adults and children) were invited to 
participate in the study. Blood samples were obtained 
from the patients for mutation analysis and coagulation 
assays. In addition, samples from 20 healthy male 
adult subjects were obtained as a control group for the 
coagulation studies and 160 healthy unrelated DNA 
donors from Slovenia were used as healthy controls for 
the genetic studies. Blood was collected with the patients' 
consent, using EDTA tubes for DNA extraction or 0.11 
M trisodium citrate tubes for coagulation assays. Whole 

blood was analysed immediately (thromboelastometry) 
or processed to obtain plasma, which was stored in 
aliquots at ‒70 °C. 

To investigate clinical features, we reviewed 
spontaneous joint, soft tissue and mucosal haemorrhagic 
events over a 6-year period (from 2007 to 2014). Factor 
VIII consumption was recorded for each patient (see 
Table I). At the time of study inclusion, seven patients 
were younger than 18 years. Forty-four percent of 
patients had A blood type and 39% had O blood type. 
In three cases, blood group was not determined during 
the patients' life time. Fifteen of the 18 patients had no 
spontaneous bleeding episodes or needed replacement 
FVIII therapy only during trauma and/or invasive 
procedures. Ten patients, including the patient with 
a single mutation, did not receive any therapy during 
the observation period. Spontaneous bleeding episodes 
in three patients (17%) were treated with FVIII 
replacement. One patient developed inhibitors after a 
surgical procedure and continuous FVIII replacement 
therapy. He had 11 spontaneous soft tissue bleeds and 
four episodes of haemarthrosis in 2 years. Details of this 
patient have already been reported21.

Mutation studies
Molecular studies were performed on DNA extracted 

from peripheral blood leucocytes as previously described22. 
To address whether identified mutations (screened against 
HAMSTeRS and HGMD [http://www.factorviii-db.
org/ and http://www.hgmd.cf.ac.uk, last accessed on 
23/04/2014]) could be polymorphisms, 160 healthy, 
unrelated DNA donors were used as healthy controls. The 
amino acid numbering matches the previously published 
system and is based upon the first amino acid of the mature 
protein being -19.

To detect the possible presence of both mutations 
in healthy individuals, we performed a high-resolution 
melting analysis of the polymerase chain reaction 
amplicons as previously described23. The high-resolution 
melting analysis was performed for the coding region and 
exon-intron boundaries of exons 4 and 12 of the F8 gene. 

The F8 haplotypes of all selected patients were 
determined in order to investigate whether this group 
of patients shares a common ancestor. The primers to 
amplify within or adjacent to the F8 locus (DXS1073, 
DXS1108, DXS9897, F8Int22) were chosen as 
previously described24. Products were resolved with a 
3500 Genetic Analyzer (Applied Biosystems, Norwalk, 
CT, USA) and analysed using GeneMapper software 
(Applied Biosystems).

Coagulation assays
APTT was determined by an ACL TOP 500 analyser 

(Instrumentation Laboratory [IL], Lexington, MA, 
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USA) using the APTT-SP reagent (IL). The clot-
reaction curve was measured kinetically at 671 
nm. Waveform analysis involves calculation of the 
first derivative (velocity) and the second derivative 
(acceleration) of the clotting reaction by the ACL 
TOP software. The absolute maximum value of the 
second derivative (Max2) indicates the point of 
maximum inflection of the first derivative curve 
and represents the point of maximum coagulation 
acceleration25.

The one-stage FVIII:C (FVIII:C-1st) assay was 
performed using the ACL TOP 500 analyser by standard 
APTT methods with the APTT-SP reagent (IL) and 
FVIII-deficient plasma (IL).

The chromogenic assay for FVIII (FVIII:C-Chr) 
was performed using the Electachrome Factor VIII 
kit (IL) according to the manufacturer's instructions 
for the microplate method, with the exception that the 
incubation time of the first step was extended. The 
prolongation from 120 to 420 sec was decided in order 
to make the assay more sensitive. Activated FVIII is 
inactivated more quickly than normally during a longer 
incubation time, allowing for a better detection of a 
mild discrepant FVIII phenotype26. 

FVIII:Ag levels were determined with the 
Asserachrom VIII:Ag enzyme immunoassay kit 
(Diagnostica Stago, Asnieres, France), according to the 
package insert, by a manual method (Multiskan EX, 
Thermo Labsystem, Vantaa, Finland).

Rotation thromboelastometry was performed on 
ROTEM® using the INTEM predefined test. Processes 
of intrinsic activation involving thrombin generation, clot 
formation (fibrin polymerisation) and lyses are described 
with the following parameters: clotting time (CT), the 
period from the start of analysis until the start of clot 
formation; clot formation time (CFT), the period until an 
amplitude of 20 mm is reached; maximum clot firmness 
(MCF), the maximum amplitude of the curve; and -angle, 
the angle of tangent to the curve at 2 mm amplitude, which 
represents the rate of clot polymerisation27.

Statistical analysis
All statistical calculations were performed and 

figures created with GraphPad Prism 6.01 for Windows 
(GraphPad Software, La Jolla, CA, USA). A paired t-test 
was used to compare methods and an unpaired t-test was 
used to compare patients vs controls in order to detect 
statistically significant differences (p<0.05).

 
Table I  - Haemorrhagic events and FVIII consumption in patients with Glu113Asp, Arg593Cys and the patient with 

Arg593Cys over the 6-year period.

Patient/
family

Age Blood 
group

Observ. 
period 
(years)

FVIII:C (%) Spontaneous bleeding Other bleeds Treatment
1st Chr Joints Soft 

tissue
Mucosae FVIII 

(IU/kg)
Other

1/1 13 A 6 11.9 9.8 - - - Trauma, GI (ulcer) 140 BT
2/2 12 A 6 8.3 7.6 - - - - 0 0
3/2 2.5 A 2.5 6.5 4.2 - - - - 0 0

4/3 44 A 6 8.2 6.7 - - - 2 traumas, 
tooth extraction 279 0

5/3 38 O 6 5.8 3.1 - - - Tonsillectomy 1,190 Resuturing
6/4 18 ND 6 8.9 6.9 - - - Trauma 0 0
7/4 12 ND 6 9.1 7.1 - - - Trauma 0 0
8/5 31 O 6 7.1 5.1 - - - - 0 0
9/6 34 O 7 6.2 5.2 1 - - Tooth extraction 218 0
10/6 31 O 6 6.2 5.1 - - - - 0 0
11/7 20 ND 6 7.6 7.1 - - - - 0 0
12/7 51 A 6 7.3 6.5 - - 1 3 traumas 431 0

13/8# 18 A 6 6.6 5.7 4 11 -
6 traumas, 

appendectomy, 
radiosynovect.

1,229
NS 624 
mg, AF 

DDAVP$

14/9 5 A 5 7.3 4.6 - - -
5 traumas, 

urol. surgery, 
haemato-tympanon

1,067 DDAVP 
2x

15/10 54 O 6 8.1 7.9 - - - Tooth extraction 272 0
16/11 36 O 6 8.2 8.2 - - - - 0 0
17/12 34 A 6 12.2 10.5 - - - - 0 0
18/13† 48 O 6 14.1 13.5 - - - - 0 0

Observ.: observation; FVIII:C: factor VIII coagulant activity; IU: International Unit; GI: gastrointestinal; BT: blood transfusion; 1st: one-stage assay; Chr: 
chromogenic assay; ND: not determined.
#Development of inhibitors; $from 4/2008-2/2010 treatment with NovoSeven (NS) and antifibrinolytic (AF), from then on with DDAVP (negative inhibitors); 
†patient with a single mutation.
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Results
There are 90 patients with mild haemophilia A in 

the Slovenian Haemophilia Registry. We identified 22 
patients from 12 unrelated families sharing the same 
double F8 mutations: the first in exon 4, p.Glu132Asp 
(c.396A>C, legacy numbering Glu113Asp), and the 
second in exon 12, p.Arg612Cys (c.1834C>T, legacy 
numbering Arg593Cys). One patient has a single 
Arg593Cys mutation. The high-resolution melting 
analysis clearly distinguished exon 4 and exon 12 F8 
mutations in patients when compared to 160 normal 
controls. Altered melting curves were easily identified 
for both mutations, showing that they are not present 
in the general population (data not shown). We also 
determined four F8 microsatellite haplotypes. All 
patients with a double mutation had the same three 
alleles and one different allele, indicating that all 
probands with this mutation share a common ancestor.

Eighteen patients agreed to participate in additional 
coagulation studies. The clinical characteristics of the 
studied group are presented in Table I. All patients with a 
double mutation have prolonged APTT, ranging from 43 
to 59 sec (reference range: 23-36 sec) and low FVIII:C-
1st, ranging from 5.8 to 11.9% (mean, 8.0%). The patient 
with a single mutation has an average FVIII:C-1st of 
13.1% (number of samples=3), which is also the highest 
factor level in our group of patients (Table II).

The APTT of the patients with a single mutation 
was shorter (42 sec) than the average APTT of the 
patients with double mutations (47 sec). The first and 
second derivative algorithm of the primary APTT curve 
locates the clotting time simultaneously with the light 
absorbance change during measurement. The point of 
Max2 represents the clotting time. The average Max2 
in controls was 635 dA/dt2, the patient with a single 
mutation had a Max2 value of 375 dA/dt2 and the average 
Max2 value of the patients with double mutations was 
249 dA/dt2 (Figure 1). When we compared the second 
derivative curves from controls and haemophiliacs, there 
were differences not only in the position and height of 
the peaks but also in the shape of the curves (Figure 2). 
All patients with haemophilia A had a smaller subsequent 

peak in the second derivative curve, meaning that the 
APTT reaction was accelerated twice in the process of 
fibrin formation. We found a weak correlation between 
FVIII:C-1st and Max2 (r=0.676), whereas no correlation 
was found between FVIII:C-1st and APTT.

The FVIII chromogenic assay was performed in order 
to assess the potential discrepancy between methods for 
determining FVIII:C. The FVIII:C-1st/FVIII:C-Chr 
activity ratio was between 1.0 and 1.9, meaning that 
the results were not discrepant (ratio<2.0) for any of 
the patients. The mean measured one-stage FVIII:C 
was approximately 20% higher than the measured 
chromogenic activity (8.0 vs 6.5%, p<0.0001). In three 
of the 17 double mutation patients, the FVIII:C-Chr 
activity was measured at less than 5% and these patients 
might be classified as having moderate haemophilia A. 
The patient with a single mutation had the highest FVIII 
activity (13.1 and 13.5%) regardless of the method used. 
Between-run coefficients of variation were 5% for the 
chromogenic assay and 5.5% for the one-stage method, 
according to manufacturer's specifications.

We performed an immunoassay to determine whether 
the patients had a quantitative or qualitative defect of 
protein. The level of FVIII:Ag was proportional to FVIII 
activity in all 18 patients with either of the two mutations 
(Table II). Figure 3 shows results for FVIII activities and 
the antigen for our cohort of patients. Neither FVIII:C 
or FVIII:Ag correlated with the blood group in the 15 
patients whose ABO phenotype was determined.

The INTEM test performed with ROTEM® represents 
a complement of the APTT coagulation test. The test is 
stated to be sensitive to acquired or congenital intrinsic 
factor deficiencies. However, only seven patients with 
either mutation had a CT above the manufacturer's 
reference interval (100-240 sec), while the others had 
CT values in the normal range albeit above the normal 
mean value. Five patients had a low α-angle. The CFT and 
MCF showed even less or no deviation from reference 
ranges. All INTEM parameters of the patient with a 
single mutation were within the normal range (Figure 4). 
We found no correlation of INTEM with the bleeding 
phenotype in our group of patients.

Table II  - Mean values and standard deviation (in brackets) of APTT, Max2, FVIII activities and antigen in double mutation 
and single mutation patients.

N. of patients APTT (s) Max2 (dA/dt2) FVIII:C-1st (%) FVIII:C-Chr (%) FVIII:Ag (%)

Arg593Cys, 
Glu113Asp 17 47 (4)* 249 (43)* 8.0 (1.8)* 6.5 (1.9)* 10.4 (1.9)

Arg593Cys 1$ 42 375 13.1 13.5 13.0

Normal controls 20 29 (2.8) 635 (140) 122.0 (39.0) 113.9 (31.0) 63-199#

APTT: activated partial thromboplastin time; Max2: maximum value of the second derivative curve; FVIII:C-1st: one-stage clotting assay for factor VIII; 
FVIII:C-Chr: chromogenic assay for FVIII; FVIII:Ag: factor VIII protein.
$Three independent samples from a single patient; *p<0.0001 (patients vs normal controls); #manufacturer's expected values. 
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Figure 1 - The (A) APTT and (B) Max2 in normal controls, a patients with a single mutation (R593C) and patients with double 
mutations (E113D, R593C). 

 The lines represent the means for each group. 
 APTT: activated partial thromboplastin time; Max2: maximum value of the second derivative curve.

Figure 2 - Typical APTT reaction curves of (A) normal subjects and (B) patients with mild haemophilia A with a double mutation.
 0: APTT, 1st: first derivative curve, 2nd: second derivative curve. The Max2 value (dA/dt2) is marked with the dashed line; 

the arrow points to the subsequent peak of the second derivative curve. 
 Note: the scales on the right axes are not of the same magnitude. 
 APTT: activated partial thromboplastin time; Max2: maximum value of the second derivative curve.

Figure 3 - FVIII one-stage (FVIII:C-1st), chromogenic 
(FVIII:C-Chr) activity and antigen (FVIII:Ag) for 
double () and single mutation (�) patients.

Figure 4 - ROTEM® parameters in double mutation patients 
(○) and a single mutation patient (�). 

 The rectangles represent the normal ranges for 
parameters. CT: clotting time; CFT: clot formation time; 
MCF: maximum clot firmness.
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Discussion
The HAMSTeRS/HADB database includes 

four double mutations described as causing a mild 
haemophilia A phenotype, three being double 
missense mutations and one occurring in combination 
with a polymorphism. In our study, we report for the 
first time 22 patients in the Slovenian population 
with a double mutation (Glu113Asp, Arg593Cys), 
all with phenotypically mild haemophilia A with 
FVIII:C-1st from 5.8-11.9% and a proportionally 
reduced antigen.

Both mutations have already been described 
and individually produce a mild phenotype28. The 
Glu113Asp mutation lies in the A1 domain in a Ca2+ 
binding region. The substitution of Glu with the smaller 
Asp residue in position 113 conserves a charge but 
weakens the binding of metal ions29. It is suggested that 
suboptimal occupancy of the metal binding site may 
therefore decrease the cofactor activity. The missense 
mutation Arg593Cys is localised in the A2 domain. The 
loss of ion bonds and formation of a disulphide bridge 
due to the change into cysteine cause an abnormal 
conformation and destabilise the FVIII molecule10,30. 
The Factor VIII Variant Database28 reported data for 
FVIII:C for both mutations. The average FVIII:C-
1st for Glu113Asp and Arg593Cys single mutation 
patients were 9.7% and 15% respectively. Our double 
mutation patients' average FVIII:C-1st activity was 
8%. This value is lower than the majority of reported 
ones. All our patients were categorised as having 
type I or a quantitative defect while preserving some 
functional activity. These findings are consistent 
with those of Roelse et al.31, who reported that the 
Arg593Cys mutation causes intracellular accumulation 
and degradation of FVIII due to suboptimal folding 
of protein in transfected cells, and in contrast with 
some reports from the Factor VIII Variant Database 
describing a much higher antigen level of FVIII.

The unique finding of the double mutation prompted 
us to investigate whether these patients had a shared 
descent. Eighteen selected patients belong to 12 
different families. Their haplotype profile indicates that 
all probands for the double mutation share a common 
ancestor. As we expected, the haplotype of the patient 
with a single mutation has a distinct pattern of allele 
sizes. A similar founder effect was found in the New 
Zealand and Dutch populations in a group of patients 
with the Arg593Cys mutation16,32. Our analysis also 
showed that this double mutation is not present in the 
healthy population in Slovenia.

It is still debatable which method for determining 
FVIII activity reflects patients' phenotype better33. 
There was not a marked discrepancy in FVIII:C-1st/
FVIII:C-Chr results in our patients; however, the results 

of the one-stage assay were, on average, 20% higher 
than the results obtained with the chromogenic method. 
Three of our patients had FVIII:C-Chr levels lower than 
5%. None of them had a spontaneous bleeding episode 
in the observed period. They were treated with FVIII 
replacement therapy when having to undergo surgical 
procedures. A FVIII activity lower than 5% is concordant 
with some previous reports describing a moderate 
phenotype for the Arg593Cys mutation28. The overall 
bleeding tendency in our patients was not higher than 
that in the group with mild haemophilia A in general. 
Although there were seven patients with O blood type in 
the study, their FVIII activity was not lower than that in 
patients with A blood type, as we could have expected. 
The chromogenic FVIII method was chosen over the 
classical two-stage method, which is laborious and non-
standardised with lower precision. The chromogenic 
method is accurate in the lower range and can be easily 
modified or/and automated. It is not influenced by 
the clotting specific reagent or the presence of lupus 
anticoagulants. It has largely replaced the two-stage 
assay and is now the reference method for determining 
the potency of FVIII concentrates34.

We demonstrated a lower Max2 magnitude and 
an additional small peak in the second derivative 
APTT curve in double and single mutation patients 
as compared to normal controls. Despite a very low 
thrombin concentration in the test, monitoring the 
subtle changes in light transmittance following the 
activation and re-calcification of plasma in our group 
of patients suggests that the normal sigmoid waveform 
pattern of the process of fibrin formation is altered. It 
is known that in haemophilia A patients the initiation 
phase of the tenase complex is delayed, the thrombin-
dependent mechanism of clot stability is affected 
and the rate of fibrinopeptide formation is altered35. 
Similar findings support the sensitivity of waveform 
analysis in patients with haemostatic disorders, 
such as disseminated intravascular coagulation, 
sepsis, and high-titre haemophilia inhibitors36-39, 
and its contribution to diagnostics and evaluation 
of haemostasis. The sensitivity of APTT reagents to 
factor deficiency varies40. All our patients had FVIII 
activity levels below 30%, while the APTT-SP reagent 
sensitivity for FVIII deficiency is 40% according to 
the manufacturer. APTT-SP is suitable as a screening 
reagent and shows the additional potential to predict 
factor deficiency from waveform analysis in the routine 
phase of laboratory diagnostics. Its clinical utility 
in different forms of haemophilia and in optimising 
replacement therapy still needs to be investigated. 

The modified version of thromboelastography, 
ROTEM®, is a whole blood method based on the 
activation of cellular and enzymatic components of 
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coagulation. The method has been used in various 
clinical states as a perioperative screening technique 
for hyper- or hypocoagulability and (in the last few 
years) for assessing the bleeding tendency in patients 
with bleeding disorders41. Pathological results with 
INTEM are often obtained in patients with haemophilia 
or inhibitors42. The values of INTEM parameters (CT, 
CFT, MCF and the -angle) in our group of patients 
with double or single mutations did not reliably 
differ from those in healthy individuals43. The most 
sensitive parameter was CT, which was prolonged 
in 38% of all observed patients in our study. These 
results are in agreement with previously reported 
data44 indicating that the sensitivity of ROTEM is 
poor when used in patients with mild haemophilia. 
The increased variability in INTEM parameters seen 
in our patients may be a reflection of a wide difference 
in factor FVIII:C-1st (range, 5.8% to 11%) compared 
to that in studies with patients with severe or moderate 
haemophilia, in which the thromboelastogram 
phenotype characterised the FVIII activity better45. 
Thromboelastometry and thromboelastography are 
not yet standardised methods, although great progress 
has been made in the past few years. In our study, 
we minimised errors in the pre-analytical phase, 
following the recommendations of the Scientific 
and Standardisation Committee of the International 
Society on Thrombosis and Haemostasis group46.

Coagulation test results showed that the presence 
of two mutations has a slightly synergistic effect on 
FVIII activity. The patient with a single mutation 
had the highest FVIII activity, determined with the 
chromogenic and one-stage tests. The difference 
between the value in this patient and those with 
two mutations was evident, although not huge. This 
finding was supported by the difference in the Max2 
parameter of the APTT waveform analysis, where the 
single mutation patient had higher Max2 values than 
any of the patients with a double mutation (375 versus 
249 dA/dt2, respectively). Suboptimal binding of the 
bivalent ion in patients with an E113D mutation may 
additionally change the kinetics of fibrin formation in 
the APTT test and influence FVIII activity29. 

The Arg593Cys mutation is a well-described 
mutation which has been found to be related to a 
higher risk of inhibitor formation9,30, especially in the 
context of intensive, perioperative FVIII use16. Eight 
of our patients were given FVIII replacement therapy 
in the observation period because of spontaneous 
bleeds, trauma or invasive procedures. Only one of 
them, a patient aged 12 years, developed inhibitors 
after a surgical procedure21. This patient had some 
of the previously described risk factors for inhibitor 
development: a new Cys residue introduced in the 

mutant protein structure30 and long-term perioperative 
FVIII replacement therapy16. 

Conclusions
Double mutations are not common in patients with 

haemophilia A. The fact that many discordant clinical 
presentations are observed raises concern regarding 
the current practice in F8 mutation determination. 
In genotyping, the existence of a second mutation 
should always be excluded. The additional inhibitor 
risk mutation in our patients is of great importance 
for their clinical management. The coexistence of 
the second mutation in the same allele permits the 
genotyping of only one mutation for the purpose of 
prenatal screening. The presence of two mutations 
in our patients did not affect the clinical phenotype, 
despite a slightly lower FVIII:C. The utility of specific 
factor activity assays and global haemostatic assays is 
still under investigation. Haemophilia centres should 
use one-stage and chromogenic (or two-stage) assays 
in the diagnosis of possible mild haemophilia A with 
discrepancy. The ROTEM® global assay appears to be 
insensitive in mild haemophilia A, at least using our 
analytical conditions. Waveform analysis, on the other 
hand, correlates with FVIII activity better and could be 
a sensitive additional parameter in the diagnosis and 
management of haemophilia patients. However, the 
variability of these methods limits their generalised use 
in clinical practice.
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