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Background

Factor XIII (FXIII), a key clotting factor in the coagulation
cascade, reinforces the covalent bonds between fibrin
monomers, stabilizes fibrin clots, and protects fibrins from
premature fibrinolysis, a process that breaks down fibrin in
blood clots. FXIII deficiency, a rare condition that is either
congenital or acquired, results in a number of complications,
such as impairing clot stability, increasing bleeding tendency,
and delaying bleeding episodes.

Case

A 76-year-old male with a history of Graves’ disease, asthma,
hyperlipidemia, and hypertension was presented to the emer-
gency department with exertional fatigue, pain across his left
flank, and ecchymosis over his right lateral abdominal wall.
The patient reported prior bruising on the left lateral abdomi-
nal wall and denied any trauma, new medical conditions, or
medications.

Initial laboratory work-up displayed normal basic coagulation
studies and liver function, but decreased kidney function and
acute anemia. However, a CT scan of the chest and abdominal
region revealed extensive left flank hematoma, fluid attenua-
tion across the right scapula, and hydronephrosis in the kid-
neys. Further tests observed enlargement of the right
paraspinal muscles, evidence for a hematoma.

After being admitted to the hospital, the patient received one
unit of packed red blood cells (pRBC). Further laboratory
results the next morning showed significantly low FXIII lev-
els (Table 1), and the patient continued to develop new and
expanding ecchymosis and hematoma on his right back side
over the next two days. Spontaneous bruising also appeared
along his belt line and right groin, with mild tenderness on
these areas (Figure 2). His FXIII levels continued to drop
(from 37 to 4%) along with hemoglobin (Hgb) levels (from
7.5 to 6.7g/dL), but no other significant changes were ob-
served. On the fourth and sixth day of the patient’s stay in the
hospital, two more pRBC units and three doses of cryoprecip-
itate were administered to mitigate his symptoms. Moreover,
the lack of bleeding history in this patient and the critically
low FXIII levels raised concern for presence of an acquired
inhibitor; however, an FXIII inhibitor failed to be detected de-
spite laboratory diagnoses using two different FXIII func-
tional assays and a modified mixing study. Bleeding greatly
improved after administration of prednisone and FXIII con-
centrate drugs (Corifact, CSL Behring, King of Prussia, PA).
On the sixth day, the patient was discharged, and prescribed
aminocaproic acid and prednisone for presumed FXIII in-
hibitlor.
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A: High; v: Low; !: Abnormal.

Test u*mm a-‘ ::I{::on) Rakirsnce Reage Units
WBC 57 119 A 4291 "THOU/microL.
RBC 23Y 25Y 46-6.1 MIL/uL
Hemoglobin 727¥ 81V 137175 g/dL
Hematocrit 23Y 5Y 40-51 %
Platelet 240 253 150-330 "THOU/microL
PT 123 137 10-129 seconds
INR 11 12 09-1.1 N/A
PTT 25.1 229 25.8-37.9 seconds
Fibrinogen 227 N/A 172-409 mg/dL
D-Dimer 032 N/A 0-05 ng/dL
Fil 189 A 203 A 59-163 %
VW Activity 21 A N/A 55-167 %
VW Antigen 230 A N/A 56-166 %
X 24V 46V 75-155 %
Lupus Anticoagulant Negative N/A N/A N/A
‘Thrombin Time 123 N/A 13.0-17.7 seconds
N 37A 3A 620 mg/dL.
Creatinine 135 A 1.00 067-1.17 mg/dL
eGFR BY CREAT 551 781 >60 L /min/173 m?
Calcium 86 85 86102 mg/dL.
AST 29 10 0-50 U/L
ALT 9 35 0-50 u/L
Total Protein 65 72 6377 g/dL.
Albumin 35 38 35-52 g/dL.
Mixing Study

Figure 2. Right flank
hematoma (bruising) present
upon first admission.

Three days later, he was readmitted with weakness, fatigue,
dizziness, nausea, diffuse ecchymosis bruising, and swelling
and numbness in his latissimus dorsi and lateral right thigh.
He also reported right-sided leg pain and numbness in the
distal right thigh. Lab tests revealed a FXIII level of 46% and
a significantly low Hgb level of 8.1 g/dL. Further FXIII tests
performed at a reference laboratory (ARUP) revealed <1% of
normal activity, consistent with severe FXIII deficiency (Table
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An abdominal CT scan revealed hematoma along the abdlomi-




A: Red Blood Cells; “: Cryoprecipitate; *: FXIII Concentrate; A: Rituximab (shaded box);

A: Admission; D: Discharge; IC: FXIII Inhibitor Assay (chromogenic); IF: FXIII Inhibitor Assay (functional).
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Figure 1. FXIII levels (chromogenic) of a patient over the duration of two hospital admissions.

nal wall musculature and the same swelling seen in the
scapula upon his first admission. Throughout the following
days in the hospital, the patient developed bilateral hemotho-
rax (bleeding into the chest) and arterial bleeding in his thigh.
To prevent further bleeding and injury, he underwent an an-
giogram with embolization procedure, receiving 2 pRBCs, 3
doses of cryoprecipitate, tranexamic acid (TXA), and multiple
FXIII concentrate (40U/Kg) infusions (Figure 1).

Over the next few days, intermittent FXIII concentrate infu-
sions controlled the patient’s bleeding and maintained FXIII
levels between 51-69%. Weekly Rituximab antibody medica-
tion, prednisone, and concentrated FXIII replacement therapy
was prescribed, and the patient was discharged four days later
once bleeding was maintained.

Four weeks after discharge, the patient’s aminocaproic acid
treatment was discontinued. The first cycle of Rituximab was
completed four months after discharge, while the prednisone
was reduced from 40mg daily to Smg biweekly. For the fol-
lowing six months, his FXIII levels maintained within normal
limits; however, these changes in FXIII levels over the course
of the treatment were directly correlated with immunotherapy
and FXIII replacement administration prescribed (Figure 1).
Although the patient tolerated a decrease in prednisone dosage
to Smg daily, he experienced a vast drop in FXIII levels once
prednisone was reduced to biweekly doses. Once the steroid
dosage was increased to 10mg daily and supplemented with
additional FXIII concentrate, his FXIII levels immediately
returned to baseline (Figure 1).

Conclusion

The half-life of FXIII is approximately 11 to 14 days, which
is useful in determining administration of specific drugs. It is
supported in literature that FXIII levels above 5% are hemo-
statically adequate, but anything below 5%, especially at lev-
els less than 1-3%, can result in severe bleedings. Although
not identified serologically, the inhibitor was nonetheless
present in this patient, indicated by significant bleeding, and
clinical tests that showed persistently low FXIII levels, subop-
timal response to cryoprecipitate and FXIII concentrate re-
placement therapy, and the favorable response to
immunotherapy.

Background

The fibrin-stabilizing effect of Factor XIII (FXIII) was ini-
tially reported in 1923 by Barkin and Gasper, who demon-
strated that fibrin clots were insoluble in weak bases [1]. In
1948, Laki and Lorand identified a “protein fibrin stabilizing
factor” that was responsible for the formation of the fibrin clot
[1]. A decade later, Lowey et al. purified and determined the
mechanism of this factor [2]. In 1961, the first pediatric patient
with impaired wound healing, abnormal scarring, severe
bleeding, and decreased “protein fibrin stabilizing factor” was
reported[1]. The role of this clot stabilizing factor was then
recognized and designated by the International Committee on
Blood Clotting Factors as “Factor XIII” [3].

In plasma, FXIII circulates as a heterotetramer composed of
two catalytic A-subunits and two carrier B-subunits [4]. It is a
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multifunctional molecule known for its role in hemostasis,
wound healing, angiogenesis, pregnancy maintenance, bone
metabolism, and cardio protection [4,5]. FXIII deficiency can
be either congenital or acquired, and may result in a number
of complications such as delayed bleeding episodes, as it plays
a critical role in stabilizing fibrin monomers in the final step
of clot formation.

Congenital FXIII deficiency is a rare autosomal recessive
disorder, estimated to affect one in two million people, with
activity levels between 5-20% [6,7]. Heterozygous FXIII de-
ficiency is usually asymptomatic, with an activity range of
50-70% [8]. In newborns, umbilical cord bleeding is a strong
indication for diagnosis of congenital FXIII deficiency, and
the most common presentation of the disorder. Other signs of
FXIII deficiency in heterozygous cases include subcutaneous
bleeding, intracranial hemorrhages, muscle hematomas, and
severe bleeding [4,9].

Acquired FXIII deficiency is much less common than congen-
ital deficiencies, and onset may be caused by increased con-
sumption, either from bleeding, antibodies, disseminated
intravascular coagulation (DIC), or decreased synthesis from
liver failure or antibodies. Immune-related disorders such as
leukemia, liver disease, rheumatoid arthritis, and systemic lu-
pus erythematosus are correlated with decreased FXIII activ-
ity [4,10]. Furthermore, the acquired deficiency could be
attributed to long-term treatment and utilization of drugs such
as isoniazid penicillin, phenytoin, practolol, and amiodarone
[4,11]. The manifestation of these anti-FXIII antibodies may
neutralize activated FXIII, increase FXIII clearance, or inter-
fere with FXIII-fibrin interaction [7].

Diagnosis

FXIII deficiency is characterized by delayed bleeding
episodes and impaired wound healing in soft tissues [12].
When diagnosing a bleeding disorder such as FXIII defi-
ciency, it is important to collect the patient’s personal and
family history. This will provide a means to ascertain whether
the disorder is acquired or congenital in nature. Acquired de-
ficiency may be suspected if there is no relevant bleeding
history [4].

Patients with congenital FXIII deficiencies typically present
with umbilical cord bleeding [4]. Due to the role FXIII plays
in pregnancy, recurrent spontaneous miscarriage and postpar-
tum hemorrhage is relatively common [4,6]. Although incred-
ibly rare, central nervous system bleeding is the leading cause
of death in these patients [6]. Severe bleeding may also occur
in patients who become resistant to FXIII replacement therapy
[12]. As a whole, most patients with congenital deficiency
range between 5-20% FXIII activity and have a variety of
bleeding symptoms [7].

Up to 70% of patients with acquired FXIII deficiencies
present with soft tissue hematomas [4]. With newly developed
antibodies, many patients experience a drastic plummet in
FXIII activity and consequently, life-threatening intracranial,
intrathoracic, or intraperitoneal hemorrhages [4,12]. These
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bleeding episodes may also present as mucocutaneous and
intramuscular bleeding [12]. Nevertheless some reports note
that symptoms of acquired FXIII deficiency have no correla-
tion with residual FXIII activities [7].

Due to the rarity of both congenital and acquired FXIII defi-
ciency, other bleeding disorders, such as von Willebrand dis-
ease (vVWD), must be ruled out to ensure proper diagnosis. In
one study, disseminated intravascular coagulation was most
commonly confused with FXIII deficiency; however, DIC
normally presents as a decrease in more than one coagulation
factor from increased consumption [11].

Laboratory Evaluation

Most routine coagulation testing, including prothrombin time
(PT), activated partial thromboplastin time (aPTT), thrombin
time (TT), and platelet count show normal levels, making
FXIII deficiency difficult to diagnose [13,14]. Moreover, since
FXIII is responsible for stabilizing the clot formed throughout
the coagulation cascade, neither the PT or aPTT monitor the
clot beyond initial formation and both appear within normal
limits even in FXIII deficiency cases. In the past, clot solubil-
ity tests were utilized to screen for FXIII deficiency, but have
since been discontinued due to the high rates of false negatives
in milder forms of the deficiency [4,7].

Since FXIII deficiency is difficult to detect, other testing op-
tions include a variety of assays: photometric, incorporation,
fluorometric, Bethesda, clot-based inhibitor assays, as well as
antigen immunoassays and mixing studies [4]. Some studies
propose that thrombin generation and thromboelastometry
studies could be beneficial in monitoring hemostasis and clot
strength [12]. Other studies suggest utilizing FXIII antigen
assays to quantify the amount of FXIII in circulation based on
subunit A and B, as well as the AB complex; however, there is
no consensus on what level of FXIII indicates FXIII defi-
ciency [4,14].

Treatment / Management

Treatments for FXIII disorders are difficult to standardize
given the rarity of FXIII deficiency [4], but many patients with
acquired deficiencies are treated with recombinant FXIII con-
centrates and immunosuppressants. However, congenital
FXIII deficiency may also develop inhibitors in response to
FXIII concentrate doses.

Once FXIII deficiency has been established, it is crucial to
begin preventative prophylactic treatment due to the variable
nature of the associated symptoms [4]. Though clinical guide-
lines are limited, many utilize a combination of fresh frozen
plasma (FFP), cryoprecipitate, FXIII concentrates, and/or an-
tifibrinolytic agents to restore FXIII levels [10,14]. Some ar-
gue FXIII concentrate should not be used in perioperative care
due to insufficient evidence of benefits, and recommend only
using it for life-threatening cases of bleeding [7,14]. Alterna-
tively, antifibrinolytics, tranexamic acid, and aminocaproic
acid treatments are relatively commonly used when treating




FXIII deficiency [11]. Tranexamic acid (TXA) is capable of
facilitating antifibrinolytic mechanisms, mimicking FXIII,
which is capable of both antifibrinolytic properties and fibrin
stabilization [11]. In cases of immune-acquired inhibitors,
immunosuppressants are a necessity in preventing recurrent
bleeding events and eliminating antibodies [10,12]. This may
include steroids, cyclophosphamide, or Rituximab, which
have all been shown to eradicate FXIII inhibitors [4,10]. In
particular, Rituximab is an anti-CD20 monoclonal antibody
used in approximately 24% of acquired FXIII deficiency cases
since 2005 [11]. An alternative option is plasma exchange
therapy, which removes inhibitors from circulation [11]. How-
ever, even with therapy, both patients with congenital or ac-
quired deficiencies can experience refractory bleeding [7].

With no consensus on a standard FXIII level, there are various
recommendations ranging from levels above 0.5%, 2%, 5%,
10%, to even as high as 30% to maintain hemostasis [4,14,15].
Hemostatic levels can also be achieved with FXIII concentrate
infusions, which are recommended at the same dosage as FFP,
every 4-6 weeks [4,16]. It is recommended to maintain ele-
vated hemostatic levels in severe acute bleeding cases, and for
major surgeries at levels of 50% or higher [4]. Historically,
greater than 5% of FXIII was adequate for preventative pro-
phylaxis, though newer case reports are finding that these lev-
els are not always satisfactory to prevent spontaneous
bleeding, as levels can present in a number of ways.
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