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Abstract: Autoimmune acquired factor XIII (FXIII) deficiency is a rare disorder character-
ized by severe spontaneous hematomas and autoantibodies against FXIII. High mortality
rates have been reported (18% within a year of diagnosis). We present a 70-year-old patient
with recurrent muscular hematomas. The basic hemostasis study and the coagulation factors
were within normal ranges. The aggregation platelet study was also normal and von
Willebrand disease was excluded. Bearing in mind the recurrent bleeding history and the
described laboratory results,
(FXIII<10%). In addition, we suspected an acquired FXIII deficiency since the patient did
not report a personal or family history of bleeding and FXIII gene sequencing study was

we considered a FXIII deficiency, that was confirmed

normal. Non-immune causes were ruled out, and plasma autoantibodies against FXIII were
detected. Immunosuppression was rapidly initiated to eradicate inhibitor as was hemostatic
treatment to obtain bleeding control. Currently, the patient is asymptomatic, but a low level
of FXIII inhibitor remains.
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Introduction

Coagulation factor XIII (FXIII) is a hetero-tetrameric zymogen that plays a key role
in clot stabilization. FXIII is comprised of two A and two B subunits and is
activated by thrombin and calcium." However, other additional functions have
been described. Although FXIII-B is generated in the liver, FXIII-A is produced
by hematopoietic cells. Therefore, FXIII contributes to pregnancy maintenance,
bone and cartilage growth and wound healing.’

FXIII deficiency is characterized by variable bleeding episodes depending on FXIII
levels. Congenital FXIII deficiency is an autosomal recessive rare disease with an
incidence of 1.5 cases per 2 million people. It is characterized by severe and sponta-
neous bleeding, including umbilical and intracranial hemorrhage at birth, usually in
case of severe deficiency (FXIII<1%). Other symptoms include soft tissue bleeding,
recurrent miscarriages, bruising and hemarthroses.” Inhibitor development against
FXIII in inherited FXIII deficiency in patients receiving FXIII replacement therapy is
also infrequent but may induce severe bleeding.’ However, acquired FXIII deficiency
is more common and can be classified as immune and non-immune disease. Acquired
immune-mediated FXIII deficiency implies the presence of an autoantibody targeting
FXIII epitopes which may lead to severe bleeding. The clinical presentation is variable
from mucocutaneous and intramuscular bleedings to life-threatening hemorrhages such

as intracranial, intra-thoracic or intra-peritoneal.* In addition, clinical bleeding in any
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acquired immune factor deficiency does not correlate with
factor level or inhibitor titer.” Ichinose et al described the
largest series in the literature, including 93 patients with
a large proportion of patients from Japan (59).° Around
20% died within the first year of diagnosis. Non-immune
causes are more common but rarely cause bleeding and are
related to excessive consumption or decreased production of
FXIIL’

An early diagnosis is essential, as acquired immune
FXIII deficiency can be fatal if proper treatment is not
rapidly provided.

Case Report

A 70-year-old male was admitted to our clinic for assess-
ment of a spontaneous hematoma in the lower right extre-
mity. Antiplatelet and anticoagulant treatment was not
reported. The ultrasound revealed a 14 cm quadriceps
hematoma. The patient also referred the presence of pro-
voked hematomas in upper and lower extremities in the
last 6 months, which evolved adequately with tranexamic
acid. The initial blood test including a basic hemostasis
study and a complete blood count was within normal
The platelet
Willebrand profile were also normal. All coagulation fac-

ranges. function study and the von
tors were normal, except for the FXIII antigen of 9%
confirmed in 2 different samples. Fibrinogen and alfa2-
antiplasmin were in the range of normality. Factor activity
assays (extrinsic and intrinsic pathways) were performed
with a one-stage coagulant assay using factor-deficient
plasma in automated coagulometer (ACL-Top, IL,
Bedford, USA). Von Willebrand factor antigen and risto-
cetin cofactor activity were performed by chemilumines-
cence (HemosIL AcuStar, IL, Bedford, USA) in automated
coagulometer (ACL-AcuStar, IL, Bedford, USA) in poor
platelet plasma. Fibrinogen was measured using the coa-
gulative Clauss method (STA-Liquid-Fib, Diagnostica
Stago, Paris, France) in poor platelet plasma (STA-Rac,
Diagnostica Stago, Paris, France) in automated coagul-
ometer and alfa2-antiplasmin was determined by chromo-
genic assay (ACL-Top, IL, Bedford, USA) in poor platelet
plasma, following the manufacturer’s recommendations.
FXIII antigen was determined using the automated latex
immunoassay (FXIII antigen latex reagent, IL, Bedford,
USA) in automated coagulometer (ACL-Top, IL, Bedford,
USA), following the manufacturer’s instructions.

We considered an acquired immune FXIII deficiency,
confirmed by Bethesda assay (inhibitor titer of 12 BU) and
absence of mutation in FXIII gene sequencing study. The

Bethesda assay quantifies the amount of inhibitor that
neutralizes 50% residual factor in an equal mixture of
normal plasma and patient plasma in 2 hours at 37°.*

We also excluded any underlying disease and immune
dysregulation. Initial weight-adjusted treatment (weight of
70 Kg) with prednisone 1 mg/kg/day (70 mg daily) for
15 days and immunoglobulins 1g/kg/day (70 g daily) for
2 days was prescribed. The patient presented an appropri-
ate clinical and analytical improvement, with a remarkable
decrease in the autoantibody titer. We monitored FXIII
levels and performed the thrombin generation test before
starting steroids, 1 week and 2 weeks after. The patient had
an increase in FXIII levels throughout the scheduled visits
associated with an enlargement in the endogenous throm-
bin potential and a higher thrombin peak (Figure 1). This
improvement was confirmed by the thromboelastometry,
which showed an increase in clot firmness and a shortened
clot formation time (Figure 2). Thrombin generation was
determined by the fluorometric method described by
Hemker,” modified and automated (STA Genesia,
Diagnostica Stago, Paris, France) in poor platelet plasma.
We used the STG-Bleedscreen reagent (Diagnostica Stago,
Paris, France) that contains a mixture of phospholipids and
a low recombinant tissue factor concentration. Thrombin
generation assay provides information on the lag time of
thrombin generation, the endogenous thrombin potential,
the peak of thrombin concentration, the time to reach the
maximum peak of thrombin and the time to thrombin
neutralization. Rotational thromboelastometry (ROTEM®,
IL, Bedford, USA) provides global information about the
dynamics of clot development, stabilization and dissolu-
tion using citrated whole blood. The following ROTEM®
parameters were measured in EXTEM (provides similar
information to prothrombin time) and FIBTEM (analyzes
the functional fibrinogen component): clotting time, clot
formation time and maximum clot firmness. EXTEM and
FIBTEM are fibrinogen and FXIII dependent.

However, the patient had poor tolerance to corticoster-
oids with hypertension and anxiety, so we decided their
discontinuation. No new bleeding episodes were reported.
Due to persistence of the inhibitor, rituximab was then
proposed, but since the patient refused, immunosuppres-
sive therapy was changed to azathioprine 50 mg daily. One
week later the patient referred vomiting and diarrhea, so
azathioprine was discontinued. The patient remained clini-
cally stable. One month after discontinuation of immuno-
suppression, the patient was admitted to the emergency
department with thoracic oppressive pain and minimal
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Figure | Changes in thrombin generation depending on FXIII antigen. (A) Before starting steroids. Baseline FXIII of 5%. (B) The patient received steroids for | week.
Baseline FXIII of 34%. (C) The patient received steroids for 2 weeks. Baseline FXIII of 45%. Reference within normal parameters is shown in green and patient’s sample
in blue.

A

EXTEM CT:194 sec; CFT:181 sec; MCF:59 sec FIBTEM CT: 69 sec; MCF:20 sec

EXTEM CT:139 sec; CFT:131 sec; MCF:69 sec FIBTEM CT:93 sec; CFT:463 sec; MCF:24 sec

Figure 2 Changes in thromboelastography. (A) The patient received corticosteroids for | week. (B) The patient received steroids for 2 weeks.
Abbreviations: CT, clotting time; CFT, clot formation time; MCF, maximum clot firmness.
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Table | Changes in Hemostatic Parameters Throughout Time
FXIil VWF VWF Fibrinogen | Bethesda Units APTT | INR
Antigen Antigen Activity (mg/dl) (Inhibitor Titer, BU) Ratio
(%) (%) (%)
At diagnosis 9 116 127 240 12 1.25 1.2
Corticosteroids discontinuation 35 145 130 290 1.4 .15 1.3
Admission for mediastinal hematoma | 20 180 160 270 3 1.28 1.2
Last blood sample 55 190 200 310 | 1.12 I.1

Notes: References values: FXIII>60%, VWF antigen:45—150%, VWF activity:45—150%, Fibrinogen:200—450 mg/dl, Bethesda Units<0.6 BU, APTT R: 0.8—1.25, INR: 0.8—-1.30.
Abbreviations: VWF, Von Willebrand factor; APTT, activated partial thromboplastin time; INR, international normalized ratio.

effort dyspnea for 24 hours. The blood count revealed mild
leukocytosis with neutrophilia (12.27 x10°/uL leukocytes
and 10.53 x10°/uL neutrophils), hemoglobin of 14 gr/dl
(previous was 16 gr/dl) and platelets of 248 x10°/uL. The
basic hemostatic study was normal, the baseline FXIII
level was 20% and the inhibitor titer was 3 BU. The
chest x-ray and CT scan objectified the presence of
a mediastinal hematoma. Hemostatic treatment with fresh
frozen plasma (15 mL/kg) and tranexamic acid (500 mg/8
hours) as well as immunosuppressive therapy with ritux-
imab (375 mg/m> weekly for 4 weeks, 678 mg weekly)
were administered (body surface of 1.81 m?). Factor XIII
concentrate was not necessary, due to clinical stability. No
further bleedings were reported. The patient is currently
receiving corticosteroids at low doses (20 mg daily), with
an excellent clinical evolution. The patient is asympto-
matic with no relevant side effects. The last blood sample
(5 months after initial diagnosis) was taken 1 month after
corticosteroids 20 mg daily were initiated and revealed
a FXIII of 55% and an antibody titer of 1 BU. Changes
in hemostatic parameters are shown in Table 1.

Discussion

Acquired immune FXIII deficiency is a rare disease caused
by the presence of an autoantibody which targets FXIII
epitopes and may cause severe and life-threatening bleed-
ing. About 50% of the cases are idiopathic. Autoimmune
diseases and malignancies are the most prevalent under-
lying conditions. Intramuscular and subcutaneous bleeding
events are the most frequently reported.”

Evaluating differential diagnosis, congenital FXIII defi-
ciency was ruled out, as the patient referred a negative personal
and familiar bleeding tendency and no mutation in FXIII gene
sequencing study was detected. Non-immune-mediated causes
of acquired FXIII deficiency including increased consumption

or decreased production like recent surgery, liver disease,
cancer, sepsis or interfering medication were also discarded.
In these cases, life-threatening bleeding events rarely appear,
FXIII levels normally range between 20% and 70% and anti-
bodies against FXIII are not detected. Here we report a major
bleeding with FXIII level below 10% and presence of anti-
bodies against FXIII. Finally, other autoimmune coagulation
factor deficiencies such as acquired hemophilia or acquired
Von Willebrand disease were not considered because all coa-
gulation factors and von Willebrand factor (antigen and activ-
ity) were within normal range except for FXIIL

Our patient met the diagnostic criteria for immune-
mediated acquired FXIII deficiency proposed by the
ISTH.* He referred no previous personal or family bleeding
history and was not receiving anticoagulant or antiplatelet
treatment. In our laboratory, the identification of neutraliz-
ing autoantibodies was confirmed using a 1:1 mixing test of
patient plasma and normal control plasma, with quantifica-
tion of the inhibitor by the Bethesda assay. Most inhibitors
against FXIII are directed against A subunit.*'" In our
patient, it was not possible to identify the inhibitor specifi-
city although the reagent to determine FXIII antigen is
based on an antibody highly specific for A subunit.

The sequencing study of FXIII gene detected no muta-
tion, supporting the final diagnosis of acquired immune
FXIII deficiency.

Thrombin generation and thromboelastometry could be
useful global hemostasis tests for monitoring clinical and
biological evolution. To our knowledge, these global tests
in acquired immune FXIII deficiency have not been pre-
viously reported. Our patient presented a significant decrease
in thrombin generation compared with normal reference
plasma at diagnosis that improved as FXIII increased and
inhibitor titer decreased (Figure 1). In agreement with Gosh
et al, we described a reduction in the peak height of thrombin
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and endogenous thrombin potential at diagnosis although
they only determine basal Factor XIII levels in patients
with inherited FXIII deficiencies.'
FXIII levels increase, more thrombin is generated that

We suggest that as

binds to FXIII, promoting a positive feedback and activation
of the coagulation cascade.'” These results were endorsed by
the thromboelastography that showed an increase in max-
imum clot firmness and a shortened clot formation time
(Figure 2A and B). Theusinger et al obtained similar results
in critical patients in the postoperative period of a major
surgery (acquired non-immune FXIII deficiencies)."

Regarding the management of these patients, hemostatic
and antibody eradication therapy should be rapidly initiated.
However, given the rarity of this disease, evidence-based
recommendations are lacking.'* High-dose FXIII concentrates
(50-100 IU/kg) or FXIII-containing blood products like fresh
frozen plasma or cryoprecipitate could be an optimal approach
to achieve hemostatic control. However, they could show no
effectiveness in the presence of high titer inhibitor.'* Other
hemostatic treatments including antifibrinolytics like tranexa-
mic acid together with FXIII administration have been asso-
ciated with favorable effects.'* Recombinant factor VII has
been rarely reported probably due to effectiveness of FXIII
concentrates or fresh frozen plasma. However, it should be
considered in severe bleedings with no response to FXIII-
containing products.'” Immunosuppressive treatments include
corticosteroids alone or in combination with cyclophospha-
mide. Rituximab, ciclosporin or immunoglobulins have also
presented successful results.'>'® Our patient received first-line
immunosuppressive treatment with corticosteroids and immu-
noglobulins and hemostatic treatment with tranexamic acid.
Although immunosuppression was initially effective, steroids
were discontinued due to side effects. Although no new bleed-
ing events appeared, a second-line immunosuppression treat-
ment with azathioprine was initiated, that was also
discontinued due to side effects. Four weeks later, the patient
developed a mediastinal hematoma that evolved favorably
with rituximab and hemostatic treatment with fresh frozen
plasma and tranexamic acid.

A fatal intracranial hemorrhage in an adult patient with
comorbidities diagnosed of an acquired FXIII deficiency
has been recently published. This patient received ritux-
imab as immunosuppression and hemostatic treatment
with fresh frozen plasma and rFVIIa."”

Our patient developed a major bleeding episode.
Neither a triggering disease nor an underlying drug was
identified. However, the patient evolved favorably with an
immunosuppression  and

appropriate  response  to

hemostatic treatment. Generally speaking, even with this
atypical favorable presentation, we suggest, in agreement
with the literature, an early diagnosis and management to
prevent further morbidity and mortality.

Long-term outcomes are variable. Around 50-68%
achieved  antibody  eradication  without  bleeding
recurrence.'*'® If no bleeding episodes are reported, there is
no evidence to support the administration of FXIII prophylaxis
in patients with recurrent or persistent antibodies. A long-term
follow-up is necessary, as this is a chronic disease and relapse
may occur.”'* Our patient currently receives corticosteroids
20 mg daily and remains asymptomatic with a low inhibitor

titer.

Ethics and Consent

The study participant has given written informed consent
to participate and publish the data. Institutional approval
was not required for publication.
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