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Summary

The plasma circulating zymogenic coagu-
lation factor XIII (FXIII) is a protransglutami-
nase, which upon activation by thrombin and
calcium cross-links preformed fibrin clots/fi-
brinolytic inhibitors making them mechan-
ically stable and less susceptible to fibrino-
lysis. The zymogenic plasma FXIIl molecule is
a heterotetramer composed of two catalytic
FXII-A and two protective FXIII-B subunits.
Factor XIlI deficiency resulting from inherited
or acquired causes can result in pathological
bleeding episodes. A diverse spectrum of mu-
tations have been reported in the F13A7 and
F13B genes which cause inherited severe
FXIII deficiency. The inherited severe FXIII
deficiency, which is a rare coagulation dis-
order with a prevalence of 1 in 4 million has
been the prime focus of clinical and genetic
investigations owing to the severity of the
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The coagulation factor Xlll

Factor XIII (FXIII) is a coagulation factor
acting at the end of the coagulation cascade
to stabilize preformed fibrin clots. Enzy-
matically, it is a protransglutaminase. If it is
activated to its transglutaminase form
FXIIIa (EC 2.3.2.13), it converts loose fi-
brin polymers into an organized structure
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bleeding phenotype associated with it. Re-
cently however, with a growing understanding
into the pleiotropic roles of FXIII, the fairly fre-
quent milder form of FXIIl deficiency caused
by heterozygous mutations has become one of
the subjects of investigative research. The ac-
quired form of FXIIl deficiency is usually
caused by generation of autoantibodies or hy-
perconsumption in other disease states such
as disseminated intravascular coagulation.
Here, we update the knowledge about the pa-
thophysiology of factor Xl deficiency and its
therapeutic options.

Schliisselworter
Blutgerinnungsfaktor XIIl, FXIIl, Protrans-
glutaminase, heterozygote Mutationen

Zusammenfassung

Der plasmatische Blutgerinnungsfaktor XilI
(FXI) ist eine Protransglutaminase, die nach
Aktivierung durch Thrombin und Kalzium nicht

Faktor-Xlll-Mangelerkrankungen

Diagnose, Vorkommen, Behandlung erblicher und
erworbener Formen
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by cross-linking the peptide-bound gluta-
myl and lysine residues of fibrinogen
chains through an isopeptide bond, thereby
releasing ammonia (1). The cross-linking
reaction has a mechanical stabilizing effect
on the preformed fibrin clot. In addition,
activated FXIII-A cross-links fibrinolytic
inhibitors like alpha-2 antiplasmin to fibrin
that protects it from fibrinolysis. In the

kovalent vernetzte Fibrindimere verkniipft
und zusatzlich durch Einfligen von Fibrinoly-
se-Inhibitoren dem Blutgerinnsel eine besse-
re mechanische Stabilitdt sowie Schutz vor
vorzeitiger Fibrinolyse verleiht. Plasma -FXIII
ist ein Heterotetramer aus 2 katalytischen
FXIII-A- und 2 schiitzenden FXIII-B-Unterein-
heiten. Ein angeborener oder erworbener
Faktor-Xlll-Mangel kann zu Blutungskompli-
kationen fiihren. Fiir einen schweren angebo-
renen FXIlI-Mangel konnte ein breites Muta-
tionspektrum im F73A7- und F13B-Gen er-
mittelt werden. Trotz der Seltenheit (Prava-
lenz: 1 in 4 Millionen) stand er vererbbare
FXIlI-Mangel wegen des Schweregrades an
Blutungserscheinungen im Fokus klinischer
und genetischer Studien. Mit steigendem Ver-
standnis der pleiotrophen Rolle von FXIIl ge-
winnt der mildere, durch heterozygote Muta-
tionen verursachte FXIll-Mangel zunehmend
an Bedeutung in der Forschung. Der erworbe-
ne FXIIl-Mangel entsteht haufig durch Auto-
antikorper oder tritt aufgrund der Ver-
brauchskoagulation bei anderen Grunder-
krankungen (z. B. disseminierte intravasale
Koagulopathie) auf.

Diese Ubersicht soll aktuelles Wissen zur Pa-
thophysiologie des Faktor-Xlll-Mangels und
den therapeutischen Optionen vermitteln.

plasma, the zymogenic FXIII circulates in
the form of a heterotetramer (FXIII-A2B2)
composed of two catalytic A subunits
bound to two carrier B subunits. Intra-
cellularly, FXTII is found as a homodimer
composed of two A subunits (A2) (2).
EXIII-A subunit is mainly synthesized in
macrophages, and megakaryocytes (3).
Structurally, each A monomeric subunit (4,
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5) is composed of an activation peptide
(residues 1-37) and four distinct domains:
beta-sandwich (residues 38-183), central
core (residues 184-515), barrel 1 (residues
516-627) and barrel 2 regions (residues
628-731). The central core domain con-
tains a catalytic triad (common to the
transglutaminase family) formed through
hydrogen bond interactions between
Cys314, His373 and Asp396 (6).

The site of synthesis for FXIII-B subunit
has been suggested to be the liver (7). The
B subunit is composed of 10 tandem re-
peats of complement control protein
(CCP) modules designated as Sushi do-
mains, which are also observed in proteins
of the complement system (8, 9). Gel fil-
tration analysis of ordered deletion con-
structs of FXIII-B subunit sushi domains
produced in vitro in insect SF9 cell lines
have demonstrated that in an in vitro sce-
nario the first Sushi domain is most likely
responsible for the binding to FXIII-A and
the fourth/ninth Sushi domains participate
in the FXIII-B homodimer assembly (10).
The B subunit is thought to play a role in
stabilization of the A subunit (11, 12).

On activation by thrombin and Ca?* the
A and B subunits dissociate. Proteolytic ac-
tivation by thrombin involves the cleavage
of a N-terminal 37-residue peptide called
the activation peptide. The cleavage and
the calcium binding both serve to induce
structural changes that open up the cata-
Iytic triad to substrate access (13, 14). This
process is accelerated by fibrin because fi-
brinogen as opposed to fibrin is a poor
substrate of activated FXIII-A (15).

As discussed, the clot stabilizing effect
of FXIII is achieved by the cross-linking of
fibrinogen chains (alpha-alpha, alpha-
gamma, gamma-gamma) (15-17) and the
cross-linking of antifibrinolytic inhibitors
like alpha-2 antiplasmin to FXIII (18, 19).
Apart from fibrinogen and alpha-2 anti-
plasmin, FXIII has many other substrates
like fibronectin, vitronectin, collagen, fac-
tor V, von Willebrand factor, alpha-2 anti-
plasmin, actin, myosin, vinculin, throm-
bospondin, PAI, TAFI 2, AT1 receptor
dimers of monocytes. This implicates
pleiotropic roles for FXIII in various sys-
tems other than the coagulation pathway
(20).
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The factor Xlll genes

The F13A1 gene maps to the short arm of
chromosome 6 (p24-25) and spans
>160 kb of genomic DNA consisting of
15 exons encoding a mature protein of
731 amino acids (21, 22).

The FI3B gene is located on the long arm
of chromosome 1 (q32-32.1) and contains
12 exons encoding the mature protein of
641 amino acids (8, 23). Both, FI3A1 and
F13B genes, are highly polymorphic (24). A
number of non synonymous/coding poly-
morphisms have been reported in the
FI3A1 gene (25), the variants Val34Leu in
exon 2, Tyr204Phe in exon 5,
Pro(CCA)331(CCC)Pro in exon 8,
Glu(GAA)567Glu(GAG) and Pro564Leu
in exon 12, Val650Ile and Glu651Gln in
exon 14.

An association study involving six of the
main coding polymorphisms in FI3AI
gene showed that only the Val34Leu is the
true functional polymorphism and the rest
are in linkage disequilibrium with this
polymorphism. In this study only haplo-
types containing the “34L” allele showed as-
sociation with FXIIT activation. An even
larger number of synonymous/non-coding
polymorphisms (>500) are known for the
FI13A1 gene and are listed in the factor 13
database (»>www.f13-database.de) (26).

Val34Leu polymorphism

The truly functional polymorphism
Val34Leu is the most extensively studied.
This polymorphism is located 3 residues
prior to the thrombin cleavage site and has
been shown to accelerate the activation rate
by almost 2.5 times in its presence (27).
Therefore, the Val34Leu polymorphism is
presumed to have a thrombo-protective ef-
fect. It was firstly described by Mikkola et
al. in 1994 (28) and since then its associ-
ation has been studied in a large number of
prothrombotic conditions like stroke and
coronary artery diseases with different and
often contradictory findings (29, 30).
Recently, a regulatory polymorphism
intron 1 variant IVS1+12(A) was observed
to influence the FXIII level using a reporter
gene based expression assay (31). Later this
polymorphism was found to be highly

prevalent in patients with mild factor XIII
deficiency (32).

The allelic structure of the B subunit gene
is unique in the sense that the 3’ region
houses a large number of polymorphisms
which may give rise to alternatively spliced
isoforms which have differential migration
patterns (33, 34). These isoforms individu-
ally are the most frequent alleles in popu-
lations of European, African and Asian de-
scent, respectively (35). Some other minor
alleles with lower frequency have also been
described (33, 34). The genetic variation of
the F13B gene is responsible for some of the
population variability in FXIII activity.

Iwata et al. investigated the major phe-
notypes of FXIII-B by sequencing individ-
uals who had a particular isoform ident-
ified by isoelectric focusing (36). One of
the isoforms or phenotype was character-
ized by an A-to-G substitution in exon 3,
resulting in the previously described Arg to
His amino acid change at codon 95 (37).
Functional studies have shown that the Arg
variant shows lower affinity for the A sub-
unit (38). Another isoform was character-
ized by a C-to-G nucleotide change in in-
tron-K (A+144G), a variation previously
reported by Ryan et al. (39).

A comprehensive list of coding and
non-coding polymorphisms for F13A and
F13B genes can be found on the factor XIII
database (P> www.f13-database.de).

Inherited severe FXIII
deficiency

Since the first description of FXIII-based
patient pathology in 1960 by Duckert et al.
(40) 112 distinct FXIII mutations have
been identified in patents with a broad
spectrum of pathological phenotype varia-
bility that include post-operative prolonged
bleeding and delayed rebleeding, sponta-
neous abortion during the first trimester of
pregnancy due to placenta dysfunction.
Until the 1980s, the research literature
consisted of mainly descriptive reports of
FI13A1 and F13B mutations with associated
patient pathological phenotypes that are
typically severe and stemming from
homozygous mutations. Since then, in addi-
tion to the known roles in haemostasis, basic
research by a handful of groups worldwide
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began to address the broader potential im-
pact of FXIII function on essential, non-hae-
mostatic functions (41), including mainten-
ance of pregnancy, maintaining physiologi-
cal vascular permeability, cartilage and
bone mineralization and calcifying patho-
physiologies, and survival after myocardial
infarct.

Severe factor XIII deficiency leads to de-
fective cross-linking of fibrin and vulner-
ability to late re-bleed due to physical insta-
bility of the primary haemostatic clot re-
sulting in clinically severe bleeding. Over
500 cases of severe factor XIII deficiency
have been reported worldwide. In affected
individuals, the first manifestation of
bleeding is from umbilical cord after birth,
and this occurs in almost two-thirds of
cases (26). Other common bleeding symp-
toms are subcutaneous bleeding, muscle
haematoma, haemorrhage after surgery,
haemarthrosis, and life threathening intra-
cranial bleeding (34%). Intracranial bleed-
ing is the leading cause of death in severe
factor XIII deficiency (42, 26).

The most frequent symptom of mucosal
tract is bleeding in the oral cavity (lips,
tongue, gum), followed by menorrhagia
and epistaxis (42, 26). Intraperitoneal
bleeding in women with reproductive age
may occur (in 20% of cases) at the time of
ovulation (43).

Deficiency of factor XIII results in ,,de-
layed bleeding® after trauma. While pri-
mary haemostasis in individuals with these
traits is normal, the ,delayed bleeding® is
caused predominantly by premature lysis
of haemostatic clots. In addition to a life-
long bleeding tendency, abnormal wound
healing (29%) and habitual spontaneous
abortion in affected women are common.
Wound-healing complications are probably
due to fibrinolytic abnormalities and alter-
ed vascular permeability and impaired an-
giogenesis. In recent times patients are
diagnosed early and treated appropriately,
so the severe bleeding complications as-
sociated with the deficiency is rarely seen.
A minority of homozygous patients, es-
pecially those who have deficient B-subun-
its, develop bleeding symptoms which only
comes to light when they present with a
haemorrhagic complication, e.g. after sur-
gery (44).
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Clinical manifestation of
heterozygous FXIII deficiency

Recently, the heterozygous factor XIII defi-
ciency (FXIII activity —approximately
30-60%) that is quite different from the se-
vere inherited factor XIII deficiency in
terms of the symptoms has come to the no-
tice of clinicians. Owing to the mild symp-
toms associated, this form had escaped ad-
equate attention for a long time. Patients
with this deficiency normally do not bleed
spontaneously. Nevertheless, they may
have delayed bleeding upon provocation
for example after surgery (e.g. tonsillec-
tomy), dental extraction or any form of
physical trauma. Menorrhagia may also be
a common symptom especially in those
who have in addition mild von Willebrand
disease or other heterozygous coagulation
factor deficiency or platelet pathology. Fur-
thermore, heterozygous factor XIIT defi-
ciency might also result in unsuccessful in
vitro fertilization (45).

Careful exploration of the medical his-
tory of heterozygous members of affected
families earlier done by Egbring did reveal
a significant bleeding tendency (46). The
first report from the European Thrombosis
Research Organization working party
(ETRO) concluded that there are heterozy-
gous family members with overlooked
symptoms for whom no obvious corre-
lation between measured FXIIT activity and
clinical presentation was demonstrable
(47).

Our group published the conclusions
that support further investigation of het-
erozygous factor XIII deficiency through a
broader patient screening approach leading
to diagnosis of a significant number of af-
flicted patients (26, 48, 49). We found a
surprisingly large number (40) of heterozy-
gotes for factor XIII deficiency among a
population of 200 patients referred to us
for genetic analysis, because of a reduced
factor XIII activity that in some of the pa-
tients was associated with with clinical
symptoms. Mutation screening revealed 23
novel missense mutations (16 in FI13AI
and 7 in FI3B (partly unpublished data).
Interestingly, we found a less skewed ratio
of FI13A1 and FI3B gene mutations associ-
ated with heterozygous factor XIII defi-
ciency, which was not expected in light of

previous reports suggesting that factor XIII
deficiency-associated F13B gene mutations
are rare in comparison with FI3AI mu-
tations (ratio 1:20).

The heterozygous mutations present a
unique phenotypic scenario as one allele
alone is causing a mild FXIII deficient phe-
notype. In the context of the functional
heterotetramer this mutation may have a
dominant effect, as one mutated allele is af-
fecting statistically 75% of the heterotet-
ramers. The transglutaminase / cross-link-
ing efficiency may be related to the suc-
cessful maintenance of this heterotetramer
as can be seen in FXIII-B deficiencies,
which result in the degradation of the
partner/catalytic FXIII-A subunit. There-
fore, some of these mutations could be af-
fecting the hetero-merization of the FXIII
molecule (»Fig. 1). To underscore the
emerging clinical impact of these heterozy-
gous FXIII mutations, we consider some
patient statistics from the German popu-
lation as a model population. Extrapolating
from average prevalences of homozygotes
and compound heterozygotes — equal to
about 1 in 4 millions - the estimated fre-
quency of heterozygotes is 1/1000, imply-
ing that up to 80000 individuals in Ger-
many may bear heterozygous FI13A or
F13B mutations. Therefore, there are a
number of undiscovered individuals that
might potentially benefit from manage-
ment strategies in the event of bleeding in-
duced by trauma (accident, surgery etc.) if
and when the inherited factor XIII het-
erozygous deficiency is more clearly de-
fined in clinical and molecular aspects.

Classification of inherited FXIII
deficiency severity

The recognition of mild factor XIII defi-
ciency as a genuine inherited defect with a
definite prevalence in the general popu-
lation has opened up the possibility of a
broader classification for factor XIII defi-
ciency severity. Recently, the “Project on
Consensus Definitions in Rare Bleeding
Disorders” suggested an associative classifi-
cation of factor XIII deficiency severity
based on measured FXIII activity and clini-
cal bleeding severity (50).
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Accordingly, factor Xl deficiency is

classified:

o Severe deficiency, undetectable FXIII
activity associated with spontaneous
major bleeding.

o Moderate deficiency, <30% FXIII activ-
ity associated with mild spontaneous
or triggered bleeding.

o Mild deficiency, >30% FXIII activity
associated with a mostly asymptomatic

disease course.

Acquired FXIII deficiency
and FXIIl inhibitors

Acquired factor XIII deficiency (51) may
be due to impaired synthesis of B-subunits
in liver (hepatitis, acute liver failure) and/
or increased consumption due to leukemia,
inflammatory bowel disorder, sepsis, major
surgery, trauma, pulmonary embolism,
stroke, leukemia, Crohn’s disease, ulce-
rative colitis, Henoch Schoenlein purpura,
liver cirrhosis, sepsis, and disseminated in-
travascular coagulation.

In these cases, plasma FXIII levels are
usually in the range of 30-70%. Whether
the low FXIII contributes to haemorrhagic
complications in these diseases remains to
be proven.

Treatment of patients bleeding from the
small bowel in Henoch-Schoenlein purpu-
ra and from large bowel in ulcerative colitis
with FXIII concentrate has been reported
to be effective in controlling the bleeding
(52). Apart from these causes development
of autoantibodies against FXIII-A (mostly)
or FXIII-B (very rare) subunit can also re-
sult in acquired factor XIII deficiency (53).
Approximately 36 cases have been reported
for autoantibody against FXIII A subunit.
Some of these antibodies have been charac-
terized in terms of their influence on the
activation of FXIII, FXIIT activity or bind-
ing to fibrin (54-56). Almost a third of
these cases had systemic lupus erythemato-
sus (SLE) (57).

The first report of an autoantibody
against the B subunit was reported in a
Hungarian patient with “acquired” F XIII
deficiency due to anti-FXIII-B “autoanti-
bodies” who manifested severe bleeding
symptoms (58). More recently a case of
alloantibodies against the B subunit of plas-
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The same event can happen if
the mutation is on B subunit.
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Fig. 1

The heterozygous scenario and its possible clinical and/or pathological implication: The main

message is that even a single affected allele has the potential to have an impact on the heteromeriz-
ation of the FXIII-A2B2 heterotetramer. Theoretically, this could influence almost 75% of the circulating
heterotetramers. The pathological impact on the carrier will depend on specific penetrance and express-
ivity of the variant. It also depends on the risk the patient is exposed to because mild factor XIlI deficien-
cy is usually asymptomatic. Symptoms become apparent only in conditions involving trauma (e.g.
perioperative conditions). This implies that a large number of heterozygotes might be predisposed to
such risks exist in the general population (approx. 80000 heterozygotes for the 8 millions German

inhabitants).

ma FXIII was reported in a Japanese pa-
tient with congenital deficiency (59). It’s in-
teresting to note that the Japanese popu-
lation seems to show a much higher preva-
lence/detection rate for acquired factor
XIIT deficiency (60). This could be owing
to well-informed nationwide surveys con-
ducted by the Japanese group in this regard
(60, 61).

Inhibitor development leading to re-
duced FXIII activity is a rare event. In-
hibitors have been described in congenit-
ally FXIII deficient patients being treated
with FXIII concentrate (62). However,
most inhibitors (IgG antibodies) arise in
patients with no pre-existing Factor XIII
deficiency. FXIII inhibitors arise de novo
(22 cases worldwide), in the course of other
diseases (e.g. systematic lupus erythemato-
sus) and often in relation to chronic ther-
apy with a variety of drugs (e.g. isoniazid,
penicillin, phenytoin, ciprofloxacin). In-
hibitors may also appear in patients with-
out any obvious chronic disease (63).

There is limited data on therapy of pa-
tients bleeding due to acquired FXIII in-
hibitor. Most treatment strategies focus on
the immediate treatment of acute bleeds

(63) using cryoprecipitate, fresh frozen
plasma, fibrogammin or even recombinant
FVIIa.

The direct inhibitor elimination ap-
proach is also practiced (64) using immu-
nosuppressives, immunoadsorption, rou-
tine plasmapheresis or rituximab (anti-
CD20 monoclonal antibody).

Bleedings in these cases may be severe
and difficult to treat (64). Several cases
have died of cerebral haemorrhage. Almost
all of these neutralizing inhibitors have
been observed to develop against FXIII-A
subunit. Some of these have been charac-
terized for the epitope on the A subunit to
which they bind (e.g. calcium binding site)
(53). However, as mentioned Ichinose et al.
reported an alloantibody against the B sub-
unit in a Japanese FXIII deficient patient
receiving FXIIT concentrate which had a
neutralizing effect and also resisted further
EXIII substitution.(59). Neutralizing anti-
bodies are usually detected by mixing as-
says (mixing patient and control plasma
samples and evaluating the measure of cor-
rection for FXIII activity). Non-neutraliz-
ing antibodies on the other hand can only
be detected with specific binding assays.
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Diagnosis of FXIII deficiency

The standard laboratory clotting tests -
prothrombin time (PT), activated partial
thromboplastin time (aPTT), fibrinogen
level, platelet counts, bleeding time - are
normal, while thromboelastogram (maxi-
mum clot firmness) is abnormal. Earlier
factor XIII deficiency diagnosis was mainly
based on positive clot solubility test (rapid
dissolution of clot in 1% monochloracetic
acid or 5 mol/l urea). It is a qualitative test
and is positive only if FXIII activity in the
patient’s plasma is zero, or approaching
zero (65). If clot solubility in these reagents
is found, it is important to perform some
simple mixing experiments with normal
plasma to make sure that the observed clot
solubility is the result of factor XIII defi-
ciency and not due to the presence of a
EXIII inhibitor. Reliable diagnostic meth-
ods for the determination of plasma FXIII
activity and antigen levels have been devel-
oped. The factor XIII deficiency diagnosis
protocol requires a number of assays,
which test for both activity as well as
antigen levels. Estimation of FXIII activity
using quantitative (e.g. photometric assays
which measure the ammonia released dur-
ing a transglutaminase reaction) or incor-
poration assays (dansylcadaverine-casein
assay which measures the level of incorpor-
ation of a labelled amine into a protein sub-
strate) during transglutaminase mediated
cross linking. The technical aspects of these
assays have been discussed in a recent re-
view (66). The range of plasma FXIIT activ-
ity within the normal population is very
wide, ranging between 60-250% of the
standard normal plasma value. The FXIII
levels are also influenced by non-genetic
variables like age and sex (67). Quantitative
assays (e.g. photometric) are quite inaccur-
ate at levels of FXIII activity below 10% of
normal therefore in a modification of the
earlier photometric assay a blank plasma
sample evaluation was added to correct for
the FXIII-A-independent NADH consum-
ing and ammonia-producing reactions
present in the plasma (68).

The concentrations of the A and B sub-
units can be determined by immunological
techniques like ELISA or western blotting.
While antibodies for both A and B subunits
as well as a sandwich ELISA for the com-
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plete heterotetramer exist commercially, a
detection system for detection free B sub-
unit has as yet to be commercialized.
Further conformation of the disease can be
made by the complete exonic/regulatory
region sequencing of the FI3A1 or FI3B
genes to identify causative genetic variants.
A publication from the ISTH joint SSC
committee has recently suggested an algo-
rithm in which the diagnosis of factor XIII
deficiency needs to be approached (69).
This involves a preliminary analysis of
EXIII activity, followed by antigenic detec-
tion (FXIII-A2B2 first, followed by individ-
ual subunits in order identify the type of
deficiency) and finally ending up with gene
screening.

Also the guidelines redefine the typing of

factor XIll deficiency especially inherited

FXIII-A deficiency which can be divided

into two types:

o Type 1 shows combined loss of activity
as well as antigen.

o In type 2 antigen (FXIII-A2B2 hetero-
tetramer) is normal to mildly reduced
but activity is low (i.e. a dysfunctional
protein variant with no loss in anti-
genic stability).

Mutational heterogeneity in
F13A1 and F13B genes

A total of 112 different mutations have
been reported so far in the F13A and F13B
genes. As expected (since the A subunit is
the catalytic part) a majority of the mu-
tations (96 out of 112) were localized to the
FI3A1 gene.(26) Missense mutations were
the most common mutation in the F13A7
subunit gene accounting for ~48% (53 out
of 112) of mutations. There are 46 mis-
sense, 22 deletions, 10 splice site, 12 non-
sense, 6 insertion mutations reported so far
for the FI3AI gene.

Mutations in FI3B gene were much
lower in number. Only 16 different mu-
tations have been reported so far. Splice site
mutation in intron 5 (IVS5-1 G>A) seems
to be the most common mutation since it
was already reported in six unrelated
families from UK, Macedonia, Serbia, Ko-
sovo, Czech Republic and the Netherlands
(26). If we divide the mutations on the
basis of their genetic combination (het-

erozygous, compound heterozygous and
homozygous) we observe that amongst
heterozygous mutations, mutations are far
more frequent in FI3B gene than that ob-
served for homozygous mutations (26, 48,
49). Mutations like non-sense, deletion and
splice site are causative by their sheer na-
ture; on the other hand missense mutations
on their own may or may not be predictive
based on their spatial and functional im-
portance in the protein structure. There-
fore, clinicians need to look at the all-possi-
ble investigation tools including previous
reports in literature, expression analysis, in
silico data etc. before assigning a missense
variant as causative.

Treatment of patients with
inherited FXIII deficiency

Whole blood, fresh frozen plasma, stored
plasma, plasma derived concentrate and
cryoprecipitate have all been used success-
fully in the treatment of factor XIII defi-
ciency and are adequate sources of FXIII
(70). Recently a recombinant FXIII has be-
come available (71). In practice it has been
observed that even very low levels of FXIII
(>3-10%) in plasma are sufficient for con-
trolling bleeding. This plus the fact that in
vivo half-life of FXIII after infusion is long
(11-14 days) makes prophylaxis for factor
XIIT deficiency eminently practicable and
manageable. A limited number of random-
ized crossover studies have reported no
pharmacokinetic or tolerability differences
between FXIII prepared from human plas-
ma, placenta or recombinant EXIII (72).
Recent studies with recombinant FXIII
suggest a single 35 IU kg'! rFXIII dose for
children as well as adult patients (73, 74).
The traditionally used plasma derived pas-
teurized FXIII concentrate (Fibrogammin)
is also suggested at a recommended dosage
of 20-30 TU/kg body weight - monthly for
mild and moderate levels of bleeding, while
in severe bleeding (especially intracranial
haemorrhages) the dosage is increased up
to 50 IU/kg of body weight and applied at
more frequent intervals.

Pregnant women with severe factor XIII
deficiency should receive prophylactic
treatment to maintain pregnancy. In addi-
tion to prophylactic therapy, affected indi-
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viduals who undergo surgery or trauma
will require more intensive replacement
therapy. In case FXIII concentrates are not
available, fresh frozen plasma is given pro-
phylactically in doses of 2-3 ml/kg body
weight every 3-4 weeks. Cryoprecipitate
can be administered in a dose of 1 vial per
10-30 kg of body weight every 3 to 4
weeks. Patients with heterozygous (mild)
factor XIII deficiency (activity 30-70%) do
not bleed spontaneously. Substitution with
EXIII concentrate (10-20 IU/kg body
weight) is recommended in patients with
bleeding history due to pregnancy (post-
partum bleeding), neurosurgery, and ab-
dominal surgery. Antifibrinolytics (e.g.
tranexamic acid, 3 g daily) is also useful in
the treatment and prevention of bleeding
as an additional treatment (75).

One limitation of the recombinant
EXIII over plasma derived FXIII is that it
does not contain the B subunit and is most
likely going to be ineffective for patients
with B subunit deficiencies.
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