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Congenital Factor VIl Deficiency, 1 1
Diagnosis, and Management

Mahmood Shams

11.1 Introduction

Congenital factor (F) VII deficiency is a rare autosomal recessive bleeding disorder
with an estimated prevalence of 1 per 500,000 in the general population, with ethnic
or gender predilection [1, 2]. However, the prevalence is higher in regions with a
high rate of consanguinity marriage [1, 3, 4]. Clinical pictures in these patients
ranging from asymptomatic condition to severe, life-threatening hemorrhages [5,
6]. There is a relatively poor correlation between FVII coagulant activity (FVIL:C)
and bleeding tendency, as well as mutation profile in congenital FVII deficiency [3,
7]. Severe clinical symptoms usually present in patients with less than 1% FVIIL:C;
however, some patients with severe deficiency do not experience severe bleeding
episodes. The complete absence of functional FVII in knock-out mice is incompat-
ible with life, suggesting FVII deficiency is not associated with complete absence of
functional FVII. In line with this issue, patients with residual FVII level can survive
and able to prevent lethal bleeding [8, 9]. The disorder is accompanied with a wide
spectrum of bleeding problems, including mild symptoms such as mucous mem-
branes and skin hemorrhages and life-threatening hemorrhages such as central ner-
vous system (CNS) bleeding. Iron deficiency due to menorrhagia is common in
women with FVII deficiency [3]. In aggregate, it seems that patients with FVII
deficiency experience substantial psychosocial impact due to the high disease bur-
den, however, the generally held view is that the majority of patients maintain opti-
mism regards to their disease management and thereby the quality of their living
[10]. This disorder can be managed by different therapeutic options including fresh
frozen plasma (FFP), prothrombin complex concentrate (PCC), plasma-derived
FVII (pd-FVII) products, and recombinant activated FVII (rFVIIa).
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11.2 Factor VIl Structure and Function

FVII is a low molecular weight protein (50 kDa) composed of 406 amino acids,
synthesized as single-chain molecule in the endoplasmic reticulum of hepatocytes.
FVII has homology with FIX, FX, and protein C at the catalytic site and the amino-
terminal region [11]. Within hepatocytes, FVII has a signal peptide that is required
for secretion and a propeptide (removed intracellularly) that is necessary for
y-carboxylation of all glutamate residues within ~45 amino acids at the N-terminus
site of the FVII protein [12]. Coagulation FVII consists four domains, including a
gamma-carboxyglutamate acid (Gla) domain on the N-terminal with ten glutamic
acid residues (at residues 6, 7, 14, 16, 19, 20, 25, 26, 29, and 35). These ten glutamic
acid residues undergo post-translational modification; convert to y-carboxyglutamic
acid (Gla) with calcium-binding capacity. Binding of calcium to the Gla domain
induces conformational changes and exposure of new epitopes that facilitate its
subsequent binding to tissue factor and phospholipid [13]. The other FVII domains
are two epidermal growth factor-like domains (EGF1, EGF2) and a catalytic serine
protease (SP) domain at the C-terminal of the FVII protein [1, 12] (Fig. 11.1).

Fig. 11.1 The cartoon
representation of activated
factor VII (FVIIa)/soluble
tissue factor (sTF)
complex. FVII has four
domains including

a gamma-
carboxyglutamate acid
(Gla), two epidermal
growth factor-like (EGF1,
EGF2) domains, and serine
protease domain. sTF
contains two fibronectin
type III domains (TF1 and
TF2 represent of N- and
C-terminal of sTF,
respectively)




11 Congenital Factor VIl Deficiency, Diagnosis, and Management 261

Zymogen form of FVII with the plasma half-life of 5 h has the shortest half-life
among the clotting factors; however, the half-life of free activated FVII (FVIIa) is
2 h, whereas the plasma half-life of most other activated coagulation factors is very
short [1, 12].

FVII reversibly in a Ca2+ dependent manner can bind to membranes with nega-
tively charged phospholipids such as phosphatidylserine or phosphatidic via Gla
domain [14, 15]. The majority of plasma FVII circulates as the single-chain inert
zymogen (10 nmol/L (0.5 pg/mL)) and the minority circulates in the plasma as two-
chain active protein ~10-110 pmol/L) [1, 3, 12, 16]. The key event in the activation
of FVII is proteolysis of a single peptide bond between Arg-c15 (amino acid 152)
and Ile-c16 (amino acid 153) in the connecting region of EGF2 and SP domains.
This results in formation of two polypeptide chains: heavy chain with 254 amino
acids (30 kDa) (residues 153—-406), comprised of serine protease domain with
Trypsin homology at C terminus, and light chain with 152 amino acids (20 kDa)
(residues 1-152), composed of a Gla and two EGF-like domains [1, 12, 17-19].

FVIIL, chiefly interacts with TF via the Gla and EGF1 domains, however, it’s
worth noting that two other domains can also interact with TF [18, 20]. FVII/TF
complex is necessary for restructuring the active site and achieving full enzymatic
activity of FVIla, because free FVIla exhibits very weak catalytic activity [17, 18].
In addition to FVII/TF complex, several other coagulation factors, including FXa,
Flla, FIXa, FXIla, and FIXa contribute to FVII activation, however it seems that
membrane-bound FXa is the most effective activator [21]. Once the TF/FVIla com-
plex is formed, it results in proteolytic activation of FIX and FX to FIXa and FXa,
respectively, generating few amount of thrombin that able to produce a strong feed-
back amplification of coagulation cascade [12, 22].

Tissue factor pathway inhibitor (TFPI) and antithrombin (AT) are inhibitors of
FVIla, but they can only inhibit FVIIa after the formation of the FVIIa/TF complex
[23, 24]. TFPI is a Kunitz-type proteinase inhibitor that attaches to the membrane
surface via glycophosphatidylinositol (GPI)-linkage. TFPI is mainly expressed by
endothelial cells and, to a lesser extent, by platelets [25]. The TFPI/FXa complex
can inhibit the FVIIa/TF complex and prevents further FX activation via the forma-
tion of inactivated tetra-molecular (TF-FVIIa-TFPI-FXa) complex, causing rapid
inhibiting of the extrinsic coagulation pathway [23, 25]. Inhibitory function of
TFPI/FXa, at last partly, is inducing TF-expressing cells to internalize the TF/FVIla
complexes, leading to degradation of the majority of FVIIa [26]. TFPI is synthe-
sized by microvascular endothelial cells, megakaryocytes, and the liver [3, 27].
Heparin and various platelet agonists can increase the release of TFPI from the
surface of endothelial cells. AT reaction is heparin-dependent and its reactivity with
FVIla is increased after FVIIa/TF complex formation. Following the binding of AT
to the FVIIa/TF complex, the affinity of FVIIa to TF decreases, and the FVIIa/AT
complex is then released into the blood-stream [3, 23] (Fig. 11.2). The FVIIa/AT
complex is increased in many prothrombotic situations and seems to be an early
marker of coagulation cascade activation [23].

FVII with the initiation of coagulation pathway following complex formation
with TF at injury site has a critical role in the coagulation cascade. This complex is
an important activator of both extrinsic and intrinsic coagulation pathways by acti-
vation of FVII, FIX, and FX [5]. It was shown that complete deletion of FVII gene



262 M. Shams

c d
T

— Endothelial
b FXa fﬁ"
-& ) 4"' }K ‘
AT -

quate rmary complex

cells
nri

T Pox Limited

proteolysis )
w [ VI i o

a b

Fig. 11.2 In vivo activation and inhibition of factor VII (FVII). (a, b) FVII binds to tissue factor
and is converted to its active form, FVIIa, by minor proteolysis and then activates factor X (FX)
and factor IX (FIX). (¢, d) Tissue factor pathway inhibitor (TFPI) and antithrombin (AT) are inhib-
itors of FVII/TF complex. TFPI/FXa complex can form an inactive tetra-molecular (TF-FVIla-
TFPI-FXa) complex that results in extrinsic coagulation pathway inhibition. In addition to direct
deactivation of FXa, TFPI can prevent further FX activation after TFPI/TF/FVIla complex forma-
tion. TFPI/FXa can induce internalization of TF/FVIIa complex, resulting in degradation of the
majority of FVIIa (not shown). TFPI can also inhibit the early forms of prothrombinase (Not
shown). AT directly attaches to TF/FVIla complex and causes segregation of FVIIa from TF by
losing affinity of FVIIa for TF, resulting in the release of FVIIa/AT into blood-stream and therefore
causes extrinsic coagulation pathway inhibition. AT activity can be strengthened by heparin

leads to mouse perinatal death, while mice and humans with very low FVII levels
could be survived [8, 28, 29]. Although the normal perinatal course was observed in
FVII knockout mice, major abdominal and intracranial hemorrhages (ICH) lead to
death in such cases at birth or shortly after birth [9]. Generally, it is accepted that the
absence of FVII is incompatible with life [3, 22, 30].

TF known as thromboplastin, coagulation FIII, or CD142 is a glycosylated,
transmembrane protein that doesn’t require proteolysis for activation [12]. It is well
known that normal hemostasis process in some tissues with high TF-expression
such as the brain, bowel, uterus, placenta, lungs, and heart depends mainly on the
extrinsic pathway, therefore, reduced or absence of FVII can result in bleeding in
some of these tissues [5, 8]. In addition to well-known role of TF in the coagulation
process, in complex with FVIIa other functions including embryonic angiogenesis,
oncogenic angiogenesis, tumor progression, leukocyte diapedesis, and regulation of
inflammation and sepsis are described. This complex can also change cellular phys-
iology in the TF-expression cells [31, 32].

11.3 Congenital Factor VIl Deficiency

Congenital FVII deficiency (OMIM 227500) is an autosomal recessive bleeding dis-
order, for the first time described by Alexander in 1951 in a 4-years old white girl
who experienced prolonged umbilical cord bleeding at birth [33]. This bleeding dis-
order with a prevalence of 1 per 500,000 individuals is the most common among rare
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Table 11.1 Classification of congenital factor VII deficiency and results of coagulation tests

APTT PT FVII:C FVII:Ag

Normal people Normal Normal Normal Normal

FVII deficiency (type I) | Normal Prolonged Decreased Decreased

FVII deficiency (type II) | Normal Prolonged Decreased | Normal or nearly normal

APTT activated partial thromboplastin time; PT prothrombin time; FVII:C factor VII coagulant
activity; FVII:Ag factor VII antigen

bleeding disorders (RBDs) [1, 6, 33]. While this disorder is distributed worldwide, it
is more frequent in some areas such as the United Kingdom, United States, Brazil,
Turkey, Italy, Slovak Republic, and Iran, as reported in the annual global survey of
World Federation of Hemophilia (WFH). Although consanguinity is the main cause
for high rate of disorder, in some countries like the United Kingdom, this increae
has also been attributed to noticeable grow up of hygienic surveillance and enhanced
overall quality of life. The number of patients with congenital FVII deficiency might
be underestimated probably due to undiagnosed asymptomatic patients and those
with the only mild bleeding tendencies. FVII deficiency is categorized into two
groups, including type I (quantitative deficiencies), which is characterized by simul-
taneous decreases in FVII activity and antigen levels, and type II (qualitative defects)
with only decreases in FVII activity with normal or near normal FVII antigen level
(Table 11.1) [6]. It should be noted that type II is divided into two distinct groups
including cases with no variation in the FVIL:C levels, regardless of the type of
thromboplastin used, and those with different FVII:C levels when different origins of
the thromboplastin are used. Clinical manifestations of the disorder are highly vari-
able both in severity and type of bleeding, with poor correlation between residual
plasma factor activity and severity of bleeding [5, 34]. The FVII reference range is
between 70% and 140% and usually, less than 2% FVII activity (FVIL:C) is related
to an increased risk of severe bleeds during the newborn and young childhood peri-
ods [1, 7]. The disorder is due to mutations in F7 gene, and a wide spectrum of muta-
tions has been identified within this gene. Most of the identified mutations are new
and restricted to the special area or specific family and could be used for carrier
detection, precise diagnosis, and prenatal diagnosis in affected families.

The presence of abnormal bleeding, accompanied by isolated prolonged PT,
serve as the first clue for suspicion to FVII deficiency, but in general, a combination
of clinical presentations, physical examination, family history, and laboratory
assessments can be used for precise diagnosis of the disorder. Several therapeutic
options such as fresh-frozen plasma (FFP), plasma-derived FVII (pd-FVII), pro-
thrombin complex concentrate (PCC), activated PCC (aPCC), and more recently
recombinant FVIIa (rFVIIa) are available for patients with FVII deficiency.

11.4 Acquired Factor VIl Deficiency

Acquired FVII deficiency can be present either in isolation or as a part of a defi-
ciency in vitamin-K dependent coagulation factors [1, 35, 36]. Acquired isolated
FVII deficiency is an extremely rare condition, with only few reported cases, so far
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[37]. However, the frequency was underestimated, because clinical symptoms of the
disorder can be moderate with only slightly prolonged PT [35, 36, 38]. Isolated
acquired FVII deficiency should be considered a potential medical condition in
patients with prolonged PT and no personal or family history of bleeding tendency.
In such cases, FVII:C should be repeated after resolving the acute phase of the ill-
ness. If persistently high levels of FVII are observed, genetic testing is indicated to
investigate the possibility of congenital FVII deficiency [39]. Different conditions
such as malignancies, severe systemic sepsis, infectious agents, drugs (penicillin),
aplastic anemia, stem cell transplantation, and presence of an inhibitory antibodies,
may be accompanied by acquired isolated FVII deficiency [1, 36, 40, 41]. In this
setting, an interesting study showed a mild FVII deficiency (<60%, ranged 35-56%)
with no bleeding tendency in a majority of patients (89.6%) who received chroni-
cally the packed cell transfusions [42]. In some cases, no underlying condition of
FVII deficiency (idiopathic) was identified [36]. The exact pathophysiological basis
and the possible mechanism of FVII deficiency are not clear in these situations [36].

Simultaneous deficiency of FVII with other coagulation factors may arise in dif-
ferent conditions including [1]:

e Problem in synthesis, particular in liver failure that leads to decrease of all coag-
ulation factors.

e A defective synthesis, especially during hypovitaminosis K syndrome caused by
insufficient intake, malabsorption, or anticoagulant therapy with vitamin K
antagonists such as Warfarin, Acenocoumarol (Sinthromin), and Phenprocoumon
(Marcoumar). These conditions only lead to vitamin-K dependent coagulation
factors deficiency (FII, FVII, FIX, and FX) and the decrease of protein C and
protein S levels. Warfarin inhibits the vitamin K-dependent reductase and the
vitamin K-dependent quinone reductase and leads to disturbing in the recycling
of vitamin K to its enzymatically active form and its carboxylation activity.

e Consumption syndromes, especially disseminated intravascular coagulation
(DIC) or hyperfibrinolysis that leads to consumption of all coagulation factors.

As mentioned, FVII has the shortest plasma half-life among clotting factors,
thus, the decrease in plasma level of FVII occurs faster than other coagulation fac-
tors. Therefore, the diagnosis of isolated FVII deficiency should be made with cau-
tion [1].

11.5 Clinical Manifestations

Patients with congenital FVII deficiency have variable bleeding diathesis with poor
correlation between FVII activity and bleeding tendency [1, 36]. The clinical phe-
notype is very heterogeneous and ranging from asymptomatic conditions to life-
threatening diathesis. The clinical phenotype of these patients could be categorized
into two main categories [1, 3, 43]:
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e Asymptomatic composed about one-third of patients.
e Symptomatic with two subgroups:

— Nonsevere: Mild to moderate with mucocutaneous bleeding (mimic platelet
disorders) including approximately two-third of affected patients. These
patients usually don’t require medical intervention.

— Severe with life- or limb-threatening hemorrhages (central nervous system
(CNS) bleeding, gastrointestinal (GI) bleeding, or hemarthrosis) that com-
posed about 10-15% of patients [1, 3, 43].

Asymptomatic patients might be randomly diagnosed or identified during family
studies, especially in cases with other affected family member (s). According to a
large study, 71% of homozygous and 50% of compound heterozygous patients are
symptomatic, while only 19% of heterozygous subjects are symptomatic [2]. Based
on another large study, the most common bleeding features among patients with
FVII deficiency are epistaxis, easy bruising, gum bleeding, hematoma, hemarthro-
sis, postoperative bleeding and menorrhagia, and less common bleeding features are
hematuria, GI bleeding, and CNS bleeding (Table 11.2) [2, 7, 30, 43-46]. Severe
clinical presentations generally occur at young ages (soon after birth or when they
are toddler) in severely affected patients [11, 43]. Severe chronic iron deficiency due
to menorrhagia is common in women with FVII deficiency [3]. In this regard, due
to the high rate of FVII deficiency in patients with unexplained heavy menstrual
bleeding, alongside evaluation of the von Willebrand factor, evaluation of FVII

Table 11.2 Clinical manifestations of patients with congenital factor VII deficiency

G G F. H. G
Mariani Mariani Mariani Herrmann Mariani
et al. et al. et al. etal. F Peyvandi |etal.
(n:174%) (n:139°) (n:228) (n:217) et al. (n:28) (n:24)
CNS bleeding | 4.6% 6.5 7% 1% 17% n.r.
GI bleeding 13.8% 14.4 14% 9% n.r. 17%
Hemarthrosis | 16.1% 21.6 22% 12% 21% 67%
Epistaxis 56.3% 66.2 83% 58% 64% 62%
Easy bruising | 47.7% 43.2 62% 37% 32% 29%
Gum bleeding | 33.9% 25.9 42% 25% n.r. 33%
Menorrhagia | 62.9% - 15.6 57% (of 106 | 60% (of 10 90% (of
female) female) 10
female)
Hematomas 16.1% 20.9 21% 20% 12% 46%
Hematuria 5.2% 12.2 12% 7% 10% 29%
Postoperative | 29.8% 30.4 34% - 55% -
bleeding
Thrombosis 3% - - - - -

CNS central nervous system; G/ gastrointestinal

* The incidence of menorrhagia has been reported in females aged >10 and <50 years and all of
patients are female

® Only male
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deficiency as part of the initial congenital bleeding disorders investigations is rec-
ommended [47]. Patients with plasma FVII levels <2% may present severe bleed-
ing, while those with >20% are generally asymptomatic. Interestingly, bleeding can
be observed among patients with plasma levels between 20% and 50%, while
asymptomatic subjects with plasma levels <1% were also reported [11]. Prediction
of hemorrhagic risk may not be possible, even in presence of laboratory assays such
as thrombin generation test, FVIla, and FVII antigen level (FVII:Ag) assays, and
TFPI measurement [48]. CNS bleeding is a less common condition and is an impor-
tant problem, mainly in children under 6 months with severe FVII deficiency and is
associated with a high rate of morbidity and mortality [3, 11]. Bleeding episodes in
FVII deficiency may mimic hemophilia (hemophilia type) with the presence of
hemarthrosis and hematoma or may mimic primary hemostasis defects with menor-
rhagia, epistaxis or ecchymosis [11]. Based on available data, FVII deficiency does
not provide protection against thrombotic events [49]. Accordingly, in addition to
bleeding episodes, thrombotic events with the unknown mechanism (particularly
deep vein thrombosis) also may occur in ~3% of patients with severe FVII defi-
ciency, especially in the presence of prothrombotic risk factor such as recent surgi-
cal interventions, replacement therapy, immobilization, or trauma; however
spontaneous thrombosis also may occur [49-51]. Although severe clinical events
have been observed in homozygous or compound heterozygotes, the heterozygous
are usually asymptomatic [2, 30].

11.6 Laboratory Approach to Congenital Factor
VIl Deficiency

The first case with congenital FVII deficiency was described by prolonged PT in
1951 [33]. The diagnosis is based on clinical presentations, physical examination,
family history and laboratory assessments [44]. Occasionally, the disorder could be
identified during routine work up. For a more precise diagnosis and to confirm the
presence of the disease, the molecular diagnosis is strongly recommended [1].

11.6.1 Primary Tests for Diagnosis of FVII Deficiency

FVII deficiency is usually suspected by the presence of isolated prolonged PT which
is corrected by 50:50 mixing of patient’s plasma with normal pooled plasma. In this
setting, the activated partial thromboplastin time (APTT), thrombin time (TT),
fibrinogen concentration and platelet count are usually normal. Evaluation of FVII
coagulant activity (FVIL:C) (with twice repetition) leads to confirmation of disorder
[3, 44]. In addition, unlike FX, the normal result of Russell viper venom (RVV)
clotting time is also observed. Nonetheless, the normal result of RVV in FX Friuli
(a variant of FX deficiency) should be considered [30, 52]. In general, the mainstay
in the diagnosis of FVII deficiency is FVII:C assay.
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11.7 Differential Diagnosis

FVII deficiency can be readily differentiated from acquired FVII deficiency due to
the absence of family history in patients with acquired FVII deficiency. Moreover,
patients with acquired FVII deficiency may also exhibit a history of normal PT
results. Acquired combined FVII is usually observed during excessive consumption
and/or inadequate production of FVII, resulting in a concomitant decrease in other
vitamin K-dependent clotting factors. In such cases, in addition to PT, APTT would
also be increased. Assessment of other coagulation factors (FII, FIX, and FX) may
be useful for excluding cases with acquired combined FVII deficiency [35].

Exclusion of vitamin K deficiency or other acquired causes of clotting factor
deficiencies is useful, but it is not necessary because concomitant prolongation of
APTT is observed [3].

In patients with isolated FVII deficiency, isolated prolongation of PT occurs, and
APTT is normal. However, a prolonged APTT might occur in some patients with
the presence of lupus anticoagulant (LA). In this situation, an isolated FVII defi-
ciency should be diagnosed by assessing FVII: C levels. In addition, acquired iso-
lated FVII deficiency, may develop in the presence of autoantibody against FVII,
severe infections, or malignancy. In such cases, prolonged PT is observed to be the
same as congenital FVII deficiency. In this regard, family history, the absence of
bleeding episodes, FVII: C assessment post-treatment, and the presence of severe
infections or malignancy can help in the differential diagnosis [48, 53].

Evaluation of other vitamin-K dependent clotting factors might be helpful to rule
out other disorders. For further investigation, a mixing study should be performed.
After the mixing study, if PT was prolonged, the presence of a specific FVII inhibi-
tor is suspected, and the Bethesda assay could confirm the presence of specific FVII
inhibitor [36]. In this way, the absence of bleeding history, the presence of malig-
nancy (or other underlying conditions), and the absence of a family history of con-
genital FVII deficiency could all be useful during the process of diagnosis. In order
to rule out transient FVII deficiency, the test should be repeated in a couple of
weeks. On the whole, clinical manifestation, family history, and laboratory investi-
gation constitute the main basis of FVII diagnosis [1].

11.8 Functional Assays of FVII
In order to confirm FVII deficiency, the FVII activity level must be determined.

FVII activity assays can be measured through clotting- or chromogenic-based
methods.

11.8.1 The One Stage PT-Based FVII Activity Assay

FVII:C usually determined by one-stage prothrombin time-based assay [54].
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Box 11.1 The Principle of the One-Stage PT-Based FVII Activity Assay

The assay relies upon measuring the extent of PT correction in FVII deficient-
plasma, following the addition of the test plasma. In this assay, a serial dilu-
tions of standard and patients’ plasma (1/10, 1/20, 1/40, 1/80, etc.) are
prepared. Typically, the 1/10 dilution is considered as having 100% factor
activity. Standard curves are usually prepared using seven or eight dilutions.
The equal volume of each dilution is then mixed with substrate plasma (FVII
deficient-plasma) and incubated at 37 °C. Following the addition of the pre-
warmed thromboplastin containing calcium, the clotting time for each dilu-
tion is recorded. The clotting times of both standard and patients are plotted
on logarithmic paper (on Y-axis, the clotting time (seconds). On the X-axis,
the FVII activity level (IU/dL)) is drawn. All the points of standard and patient
are connected by drawing a line (Fig. 11.3) [4].

Interfering variables: The accuracy and precision of the test depend on the
FVII-deficient plasma, calibration materials, and type of thromboplastin. It is rec-
ommended that the mean FVII activity in FVII-deficient plasma should be less than
1%. FVII-deficient plasma with more than this threshold results in the overestima-
tion of the FVII:C, especially in patients with low FVII level. Indeed, even
slight contamination of thromboplastin with FVIIa can decrease sensitivity to a
patient’s plasma FVII:C, while increasing sensitivity to the patient’s plasma level of
FV, FX, and prothrombin [1, 55]. In spite of the presence of certified reference
materials for the accuracy of calibrators, the different calibration materials may
exhibit variable inter-laboratory precision, especially in cases with an FVII level
below 20% [1, 56, 57].

Three types of thromboplastin reagents with different sensitivity including rabbit
brain, ox brain or human recombinant thromboplastin are available [54, 58].

According to the type of thromboplastin, different results might be obtained,
however, variability that caused by qualitative FVII defects such as FVII Padua
(Arg304GIn), FVII Nagoya (Arg364Trp), and FVII Tondabayashi, or Shinjo
(Arg79GlIn) are more profound. For example, in Padua variant which usually associ-
ates with no bleeding history and the normal range of FVII:Ag, disparate results
toward different thromboplastins could be obtained, so that normal results using ox
brain thromboplastin and abnormal results by use of rabbit brain thromboplastin
might be obtained [1, 59]. It should be noted that variable reactivity of different
thromboplastins only occurs in type II deficiency such as Padua, not type I defi-
ciency. In FVII Padua or Nagoya, the FVII:C, when measured by rabbit brain
thromboplastin and ox brain thromboplastin, are around 5% and 100% of normal,
respectively [1, 59]. In this framework, based on structural similarity of recombi-
nant thromboplastins and human TF, use of this product is more reliable than other
thromboplastins for FVII assay. Although this approach can be suitable in certain
situations, such as control of coumarin treatment, it is not an absolute rule. In cases
of FVII Padua and FVII Nagoya, the level of FVII: C with human-origin
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Fig. 11.3 One-stage PT-based factor VII activity assay. (a) Preparation of the serial dilutions of
the standard and test plasma with factor VII deficient plasma. (b) Assessment of factor VII activity
based on the reference curve
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thromboplastin are about 35% of the normal levels which is different compared to
other origins of thromboplastin [52, 60]. It seems that using a three-panel thrombo-
plastin including rabbit brain, ox brain, and human origin thromboplastin is a robust
approach to accurately identify all patients, especially those with qualitative FVII
defect. Nevertheless, due to the high sensitivity of rabbit brain thromboplastin, it is
recommended as a first-line screening test in cases with FVII defect [61]. More
recently, a new variant of FVII (c.194C>G; p.Ala65Gly) has also found with dis-
crepancies in its results when tested with different thromboplastin sources. In the
corresponding study, FVII:C activity levels were found to be 4%, 28%, and 21%,
respectively, using rabbit brain, recombinant human tissue factor, and human pla-
cental thromboplastin [62].

Finally, it should be noted that plasma FVII level is raised in some circumstances,
such as female gender, increasing age and hyperlipidemia, especially hypertriglyc-
eridemia [63].

Interpretation of the results: FVII deficiency is one of the RBDs with a poor
correlation between FVII level and clinical picture. But on the whole, FVII activity
less than 55% is considered a boundary for FVII deficiency. The relevant clinical
picture usually develops in FVII:C <30% while FVII:C <2% is associated with an
increased risk of severe hemorrhages. However, there are some cases with FVII<1%
without spontaneous or provoked bleeding manifestations. In contrast, there are
some patients with FVII:C >20% who experience severe bleeding [1, 64].

11.8.2 The Chromogenic Factor VIl Assay

The chromogenic FVII assay is another approach for quantitatively measuring of
FVII activity levels in citrated plasma.

Box 11.2 The Principle of Chromogenic Factor VIl Assay

In this method, activated factor VII (FVIla) triggers the activation of FX to
FXa. A captured specific FVII antibody is coated onto wells. The test plasma
is added to the microplate well, followed by an incubation period and subse-
quent washing. Captured FVII is activated to FVIIa upon the addition of a
reagent containing TF (typically recombinant human TF), calcium, and
FX. FX in the mixture is activated to FXa via TF/FVIla complex during incu-
bation. After the washing step, the specific FXa chromogenic substrate is
added. The intensity of the FXa substrate, which is releases a yellow para-
nitroaniline (pNA) chromophore, is directly proportional to FVII activity.

Sample requirement: Blood samples should be collected into tube containing
3.8% citrate anticoagulant. The collected plasma could be stored in a plastic anti-
coagulant coated tube for up 4 h at room temperature and up to 24 h at 4 °C. The
plasma sample can be kept at —20 °C for short and at =70 °C for long-term
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storage. It should be considered that frozen plasma should be immediately thawed
at 37 °C before testing.

11.9 Activated Factor VIl Assay

In addition to the pivotal role of TF-FVIla pathway in the initiation of the coagula-
tion cascade, it has the important effect on the inflammatory pathway, regulation of
inflammation and sepsis [31].

When recombinant activated FVII (rFVIIa) was introduced for the treatment of
patients with inhibitor-complicated hemophilia, FVII deficiency, and also several
other off-label indications such as retropubic prostatectomy bleeding, the interest
for concentrates FVIla assay was increased [1, 65, 66]. Although PT and FVIIL:C
assay could also be used for monitoring of rFVIIa treatment, but as mentioned
above, both of these tests have some limitations such as variability in results (mostly
due to the source of thromboplastin), especially in a cross-reacting material-positive
variants [67], even if different assays used thromboplastins with similar sensitivity,
and high cost. Therefore, FVIla assay may be more effective than PT and FVII:C for
monitoring of these patients [1, 65]. FVIIa assay is not recommended for diagnosis
of FVII deficiency [1, 65]. It should be noted that the level of FVIla can be increased
in some pathological conditions that are associated with coagulation activation,
while it decreases during heparin therapy. The assessment of FVIIa could be per-
formed by two methods including clotting-based and chromogenic-based assays.

11.9.1 The Clotting-Based Activated Factor VIl Assay

The first method relies on PT-based clotting-based assay using recombinant soluble
mutant TF molecule (sTF1-219), a TF without transmembrane and cytoplasmic
domains. STF cannot activate FVII, but its FVIIa cofactor activity conserved [68, 69].

Box 11.3 The Principle of the Clotting-Based FVII Activity Assay

The truncated mutant TF molecule (sSTF1-219) is the main material in the
clotting-based FVIIa assay. The sTF1-219 is a recombinant TF without trans-
membrane and cytoplasmic domains, which is not able to activate FVII into
FVIla. However, it retains cofactor activity for FVIIa. Therefore, the presence
of FVII in the plasma could not interfere with the assay. The citrated test
plasma is diluted/mixed with FVII-deficient plasma. For the clotting assay, a
reagent containing sTF, phospholipids, and CaCL2 is added, and the clotting
time is recorded. The clotting time is converted to the FVIIa level using the
standard curve. The clotting time is directly proportional to the FVIIa level.
Recently, using highly purified and homogeneous sTF, a new modified method
(HemoclotTM FVIla), is developed. This method is more sensitive for FVIla
assay and can measure FVIla in very low concentrations [1, 4].
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Normal plasma FVIla level using this technique is 0.5-8.4 ng/mL (mean 3.6 ng/
mL), encompasses 1-3% of the total inactive zymogen form [3, 69], based on the
specificity of the FVIla assay [70].

Interfering variables: As mentioned above, in physiologic states, a small
amounts of FVIIa are circulated in plasma. This quantity can increase in hyperco-
agulable states and certain pathological conditions associated with coagulation
activation. However, during heparin therapy, FVIIa concentration can diminish
[25, 53].

11.9.2 Chromogenic-Based Activated FVII Assays

The activated FVII on chromogenic-based assays is measured using enzyme-linked
immunosorbent assay (ELISA) which is highly sensitive compared to clotting-
based assays. When using this method, lower FVIla concentration was reported
compared to activity-based assay. However, a strong correlation is observed between
the two methods. This method, use a high specific antibody against two-chain FVIla
that cannot reactive with FVII [69, 70]. The newly introduced chromogenic assay,
BiophenTM FVIIa, utilizes sTF, which can attach specifically to FVIla and then
activate the FX to FXa. Following the addition of the chromogenic substrate releas-
ing para-nitro-aniline (pNA), the FVIla concentration is measured at 405 nM [53].
Reference range: approximately 0.0125 ng/mL (+0.01 ng/mL) [3].

11.10 Immunological Assay of Factor VII

The FVII:Ag can be determined by different methods including ELISA or immuno-
turbidimetric assays (IRMAs) using polyclonal or epitope-specific monoclonal anti-
bodies against free-circulating FVII. Distinguishing between type I and II defects is
feasible, using the FVII:Ag assay. The FVII:Ag level is not a good predictor of the
severity of bleeding tendency, but it can aid in understanding of mutational mecha-
nisms of FVII deficiency [1, 44].

Box 11.4 The Principle of Inmunological Assay

Free-circulating FVII is sandwiched by the immobilized antibody specific for
FVIIL. The biotinylated polyclonal antibody specific for another epitope of
FVII is then added and followed by streptavidin-peroxidase conjugate that
can be attached to the biotin antibody. Following the washing step, the OD is
measured by a spectrophotometer after adding the peroxidase enzyme
substrate.
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11.11 Molecular Basis

Molecular studies have received noticeable attention in recent years and can reveal
the disease’s causative mutations. The poor correlation between the clinical picture
and the FVII activity level makes molecular diagnosis useful for the exact diagnosis
of disease as well as for prenatal diagnosis (PND) [71]. Moreover, molecular diag-
nosis can be used for the classification of FVII deficiency, especially in patients with
qualitative defects. The F7 gene spans 12.8 kb on chromosome 13q34 and contains
nine exons and five short tandem repeats. These minisatellite DNA sequences cover
more than a quarter of the introns sequence and more than one-third of 3" untrans-
lated region (UTR (of mRNA. The F7 gene is located approximately 2.8 kb upstream
of the F/0 gene and located near another vitamin K-dependent protein Z gene [3,
19, 30, 72]. The F7 gene and protein are structurally homologous to other vitamin
K-dependent coagulation factors, particularly FIX, FX, and protein C. The overall
base compositions of the F7 gene in exons and introns are similar (60% G-C and
40% A-T), which is similar to the protein C and the F'/0 genes [19]. F7 gene con-
sists of nine exons. Exon I and 2 (classically exon 1b; an alternatively spliced target
in 90% of factor VIl mRNA transcripts) and a part of exon 3 encode 5" UTR and a
main part of the pre-pro leader. The Gla domain is encoded by exon 3. Exon 4
encodes the hydrophobic aromatic stack, exons 5 and 6 encode two epidermal-like
growth factor (EGF) domains, exons 7 and 8 responsible for the encoding of the
activation region, and finally, exon 9 encodes the catalytic domain as well as 3’ UTR
including poly (A) tail (Fig. 11.4) [3].

A wide spectrum of mutations have been identified within the F7 gene, and
whole gene sequencing including exons, introns, boundaries, and promoter regions
is recommended for mutation detection in patients with congenital FVII deficiency.
This is mostly due to a large number of identified mutations within the 7 gene, the
short length of the gene and merely the possibility of the detection of a recurrence
mutation [1]. In general, 90-92% of mutated alleles could be identified with the
current routine direct sequencing methods, while ~10% of gene mutation could not
be found. Although new techniques, such as next-generation sequencing (NGS) cer-
tainly can improve this situation, however, some of the cases with congenital FVII
deficiency may result from mutations in other genes, which can make FVII defi-
ciency still an open question [1, 22]. A wide spectrum of normal gene variations and
disease-causing mutations, including missense, nonsense, splice site mutations, and
insertions/deletions have been observed in the F7 gene. Several functional and non-
functional polymorphisms have also been observed (Table 11.3) [3, 22, 73]. For
example, functional promoter polymorphism at position —402 (G > A) of the ATG
codon leads to increased FVII:C, while promoter polymorphism at position —401
(G >T) decreases plasma FVII level [74]. Arg413Gln substitution in exon 8 (classi-
cally known as R353Q variant) arises from polymorphisms including G to A substi-
tution at nucleotide 10,976 and is commonly found in association with the
polymorphism of decanucleotide (10-bp sequence) insertion at position —323 in the
5’-flanking region of the F7 gene. Arg403Gln, result in 30% and 23% of the vari-
ance in FVII:C and FVII:Ag, respectively, while the decanucleotide polymorphism
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Fig. 11.4 F7 gene and FVII protein structures and spectrum of gene mutations in F7 gene. (a) F7
gene contains nine exons that encode FVII protein. Exon 2 is usually alternatively spliced in 90%
of the FVII mRNA transcript. (b) The FVII protein contains pre-pro sequence, Gla, EGF1, EGF2,
and catalytic serine protease domains. (c¢) Cleavage at Argl152-Ile153 location leads to generation
of a two-chain molecule that joins together by a disulfide bond between Cys135 and Cys236. Light
chain contains residues +1 to 152 and heavy chain contains residues 153-406. FVII factor VII; Gla
gamma-carboxyglutamate acid; EGF epidermal growth factorl

brings about 26% and 23% of the variance in FVII:C and FVII:Ag, respectively [3,
74,75]. The F7 gene has five short tandem repeats (STR) that span a quarter of the
intron sequence and more than one-third of the 3’ untranslated region of mRNA. A
small part of one of these STRs is located on the end of exon 8 (including 11 nucleo-
tides “CGCGGTGCTGG”). This sequence in wild-type exon has 6 repeats with 26
spaces between them (795_805 + 26 [6]). Three polymorphisms with 6, 7, and 8
sequence repetition may be seen during direct sequencing in this location. The pres-
ence of STR, repeated regions, and polymorphism variation of repeats within the F7
gene may be associated with misdiagnosis that requires special attention to design
the PCR primers and the use of other ways than conventional polymerase chain
reaction (PCR)-based techniques such as semi-quantitative multiplex
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Table 11.3 Factor VII gene polymorphisms>

Effect on
Polymorphism type Location MAF | FVII:C Comment
Decanucleotide 5’ region | 0.23 Decrease In linkage disequilibrium with
[CCTATATCCT] inser* | (=323) p.Arg413Gln
G/T dimorphism 5’ region 0.2041 | Decrease In complete allelic association
(—401) with ¢.-323ins10 and c.-122C
G/A dimorphism 5" region | 0.2326 |Increase -
(—402)
c.64+9G>A (G73A)* Intron 1 0.2096 | Decrease In linkage disequilibrium with
p-Arg413GIn
¢.525C>T (his 115=) Exon 6 0.1419 |- -
VNTR repeat (37 bp Intron 8 - Decrease VNTR[6] is the Wild Type
monomer repeat,
9716ins)°
¢.806-20G>A (G/A Intron 8 0.1342 |-
dimorphism)
c.1238G>A (Arg353GIn | Exon 9 0.80 Decrease In linkage disequilibrium with
polymorphism)* 0.20 the
c.-401 T/c.-325_-324ins10/c.-
122C haplotype

MAF minor allele frequency; NM not mentioned. * The 10 bp insertion and the Arg353GlIn poly-
morphism indicate a strong linkage disequilibrium, and therefore it is not clear whether the 73A
allele or 10 bp insertion contributed per se to lowering FVII:C. ® The high mRNA expression in
quantitative mRNA analysis has shown that this polymorphism probably is associated with
increased plasma FVII level, although there are contradictory results in this regard

fluorescent-PCR (SQF-PCR), multiplex ligation-dependent probe amplification or
multiplex amplification and probe hybridization, especially in patients who have a
discrepancy between genotype and FVII:C level or those that present the discrepan-
cies in the inheritance pattern [76, 77]. For instance, in another study, two patients
with the previously known homozygous mutation were further studied by SQF-
PCR and were revealed that they carry a novel heterozygous large genomic re-
arrangement. As mentioned above, in cases with confounding results, these
uncommon techniques may be useful [76].

According to databases available at https://f7-db.eahad.org/, and http://www.fac-
torvii.org/index.php as well as our literature review [78], most of the mutations in
the F7 gene, similar to other congenital bleeding disorders are point mutation., how-
ever, in spite of the presence of some minor different in mutations number and
percentage, in general, missense mutations are the most frequent while nonsense
mutations are the rarest mutations. Exon 9 as the largest exon (1.6 kb) [19] in the F7
gene that is responsible for encoding the catalytic domain has a considerable num-
ber of mutations (Fig. 11.5).

Prenatal diagnosis (PND) can be used in patients with congenital FVII defi-
ciency, but it is more suitable for those families with severe factor deficiency and a
history of life-threatening bleeding such as ICH [1, 79].
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Fig. 11.5 Mutation prevalence of factor VII (FVII) gene in its exons. Most common mutations of
FVII gene are missense mutations (79%), while small Ins/Del (9%), splice sites (8%) and nonsense
(4%) mutations form others mutations in F7 gene

11.12 Management

Due to highly variable clinical presentations and the low correlation between the
severity of clinical presentations and FVIIL:C level, bleeding risk prediction and
management of these patients remains controversial. The mainstay of treatment in
patients with congenital FVII deficiency is on-demand replacement therapy which
means the stop of bleeding as soon as possible after the occurrence of bleeding. It
should be borne in mind that in the setting of high-risk bleeding conditions such as
childbirth or surgery, this rule still holds, and thereby clinical history should be
considered as an indicator of the need for prophylactic treatment. Nonetheless, there
are very low reports about the use of rFVIla in women with FVII deficiency who
experienced vaginal delivery or cesarean and therefore don’t exist definite guide-
lines to help caregivers to manage this process. However, in pregnant women with
known severe FVII deficiency, rFVIla administration is suggested during delivery
(both vaginal and cesarean) and the decision about prophylaxis in cases with mild-
moderate FVII deficiency is depending on bleeding tendency, multiple gestations,
type of delivery, and PT or FVII levels in the third trimester. On the whole, manage-
ment of delivery should be addressed on a case-by-case. In these situations, the
efficient use of rFVIIa (with different treatment protocols) before delivery to pre-
vent postpartum hemorrhage, has been shown. Due to the lack of specific guidelines
to point to the specific dose and duration of treatment during delivery, the same dose
of hemorrhage treatment is used for hemorrhagic events [80, 81].

In patients with a history of life-threatening bleeding such as ICH, secondary
prophylaxis is recommended. Primary prophylaxis could be used for those patients
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Table 11.4 Available therapeutic options for patients with factor VII deficiency

Factor Advantage Disadvantage

FFP Easily available, cheap Limited effectiveness, need to high volumes for
treatment, fluid overload, risk of viral
transmission

Pd-FVII | Effective; suitable for surgery Unavailable in some countries, other vitamin

K-dependent factors concentrations are higher
than factor VII, risk of viral transmission, risk of

TE
rFVIla Very effective Risk of TE, expensive
Low dosage requirement for
treatment

No risk of viral transmission
Not immunogenic in patients
with hemophilia

Not produces an anamnestic
response in hemophilia patients
with inhibitors

Very low thrombogenicity
PCC Suitable for surgery Risk of TE, concentration of other vitamin
K-dependent factors is higher than factor VII and
presence of activated factors.

Variable amount of factor VII

Pd-FVII plasma-derived FVII; FFP fresh frozen plasma; rFVIla recombinant FVIla; TE throm-
botic events; PCC prothrombin complex concentrates

with severe factor deficiency and risk of life-threatening bleeding. Different thera-
peutic choices including FFP, pd-FVII, PCC, aPCC, and rFVIIa are available for
patients with FVII deficiency (Table 11.4) [1, 30]. In this setting, Pd-FVII and
rFVIIa are the most commonly used treatments. However, in low-incoming coun-
tries, where access to these products is limited, FFP and PCC are also used, although
they contain low levels of FVII [82].

The recommended dose and therapeutic target levels of FVII for on-demand,
prophylaxis and surgeries are summarized in Table 11.5 [83].

rFVIla (eptacog alfa) is a structurally similar product to plasma-derived coagula-
tion factor VIIa but is manufactured using DNA biotechnology [84, 85]. The first
report of successful treatment with rFVIIa was in 1988 with Novoseven® (rFVIIa;
NovoSeven, Novo Nordisk, Copenhagen, Denmark) in a patient with severe haemo-
philia A during synovectomy [86]. Another generic rFVIla, Aryoseven™, is claimed
to have bio-similarity with Novoseven® as well as similar clinical safeness and
effectiveness [87—89]. rFVIIa has been approved for the treatment of patients with
congenital FVII deficiency, congenital hemophilia B with high-responding inhibi-
tors, acquired hemophilia, and Glanzmann thrombasthenia with refractoriness to
platelet transfusions, with or without antibodies to platelets and also recommended
as the first-line therapeutic option for hemophilia A patients with high-responder
inhibitors [84, 85]. rFVIIa has also been used in surgical bleeding caused by dilu-
tional or consumptive coagulopathies or in patients with impaired liver function
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Table 11.5 Recommended dose and therapeutic target levels for factor VII on on-demand and
prophylaxis approaches in patients with factor VII deficiency

Recommended
and Plasma Long-term
Maintaining half- On-demand prophylaxis
level life dosages Major surgery | Minor surgery dosages
>20% 2-4h Pd-FVII rFVIla Tranexamic acid FFP:
concentrate | Before 15-20 mg/kg or 10-15 mL/kg
(3040 U/ surgery: 1 g four times two times/
kg) 15-30 pg/kg daily or week
After surgery: | Antifibrinolytics® | Pd-FVII:
continue the 30-40 U/kg
same dose for three times/
first day with week
4-6 h interval, rFVIla:
and then 20-30 pg/kg
change interval two or three
to 8—12 h or times/week or
Pd-FVII a total weekly
concentrate: dose of 90 pg/
840 IU/kg kg with three
with similar times/week
intervals

Pd-FVII plasma-derived FVII; FFP fresh frozen plasma; rFVIla recombinant FVIla
2 This recommendation need to further research because the quality of evidence is moderate

[90]. In addition, the rFVIIa can be used in various conditions, such as spontaneous
bleeding, hemarthrosis, and major surgical procedures. However, it is also neces-
sary to mention that one of the most important challenges of administering rFVIIa
is inhibitor development [91]. According to FDA report, the risk of thrombotic
events associated with rFVIIa is 2% of treated patients in rFVIIa clinical trials.
More recently rFVIIa, eptacog beta (brand name SEVENFACT®, LFB
Biotechnologies, Hema Biologics), has been approved by the FDA in 2020 for on-
demand treating bleeding episodes in patients >12 to 75 years of age with hemo-
philia A or B complicated by inhibitors [92, 93]. Marzeptacog alfa (MarzAA), has
passed phase 1/2/3, an open-label clinical trial study for the prophylaxis treatment
of non-bleeding patients with congenital hemophilia A or B with or without inhibi-
tors [67, 93]. However, the very low frequency of thrombotic events, no virus trans-
mission and scarce production of inhibitory antibodies are advantages of rFVIla,
while expensiveness and short half-life of rFVIIa even than FVII and FVIla are
disadvantages of rFVIIa [1].

PCC is another therapeutic choice for patients with FVII deficiency. It usually
includes FII (prothrombin), FIX, FX, and the varying amounts of FVIL. In general,
2 commercially types of PCC are available, including 3-factor PCC (with absent or
low levels of FVII) and 4-factor PCC (with high level of FVII) (Table 11.6), and
also another form is activated PCC (factor eight inhibitor bypass activity; FEIBA),
contains 4-factors which includes both inactive (FII, FIX, and FX) and active (FVII)
forms [94-96]. The amount of FVII is variable in different manufactured PCC that
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Table11.6 Characteristics of some available four factor prothrombin complex concentrates (PCC)

Congenital | Other factor
deficiency | deficiency,

Acquired | (specific such as
Manufacturer/ | Hemophilia |deficiency | factornot | factor II,
PCC country B (factor IX) | (e.g., VKA) available) | VII, X Reference
Beriplex P/N | CSL Behring \/ \/ [105]
GmbH/Germany
Kcentra® CSL Behring \/ [106]
GmbH/Germany
Cofact Sanquin/ Vv Vv [107]
Netherlands
Kaskadil LFB/France \/ \/ (FII & [108]
FX)
Octaplex Octapharma/ \/ \/ (FII & | [109]
Vienna, Austria FX)
v

v [110]

Prothromplex| Baxalta

Total 600 IU | innovations
GmbH/Vienna,
Austria

Proplex T° (B}zlixtzrll sa v V (BVID) | [111]
endale,

PCC prothrombin complex concentrates; VKA vitamin K antagonists; FIX factor IX; FII factor II;
FVII factor VII; FX factor X

* Kcentra is indicated for the urgent reversal of acquired coagulation factor deficiency induced by
vitamin K antagonists therapy in adults patients during acute major bleeding (It does not have
indication in patients without acute major bleeding)

® Proplex T is indicated for treatment of bleeding episodes in patients with factor VIII deficiency
with inhibitors

usually indicated by the manufacturer, thus after requirement calculation could be
administered [3]. Some PCC may contain additional components such as anticoagu-
lants, protein C, protein S, protein Z, and antithrombin III as well as heparin to miti-
gate thrombotic risk [95, 97, 98]. Overall clotting factors of these concentrates are
approximately 25 times higher than normal plasma [99]. Some advantages of PCC
over the FFP include a relatively constant high level of vitamin K-dependent coagu-
lation factors (FII, FVII, FIX, and FX), a more rapid decrease in INR value, and no
need for matching the blood groups or thaw the product [96, 100]. Several reports
indicated both venous and arterial thrombosis associated with PCC, therefore, these
concentrates should not be used in patients with liver disease, major trauma, or
neonates (due to their relatively immature livers). The incidence of thrombotic
events in patients treated with 4-factor and 3-factor PCC is 1.8% and 0.7%, respec-
tively [96]. Another disadvantage of PCC is a high concentration of other vitamin
K-dependent factors than FVII [1, 30, 101-103].

The pd-FVII is a useful product for prophylaxis in children with severe FVII
deficiency and for long-term prophylaxis in the range of 30-40 U/Kg, three times a
week. Various doses of Pd-FVII have successfully been used for surgery, ranging
from 8 to 40 U/Kg every 4—6 h. For major surgeries, FVII level must be kept above
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20 U/dL. Similar to PCC, pd-FVII has a lower FVII concentration than other vita-
min K-dependent coagulation factors [3, 30, 104]. Acquired FVII deficiency is usu-
ally treated as same as inherited FVII deficiency by FFP, PCC, aPCC, and pd-FVII
or rFVIIa. However, in these cases, the underlying diseases should be treated.
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