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Rare disease

Factor XIII deficiency is associated with recurrent miscarriages in women.

In this report, we present a patient with factor Xl deficiency and some comorbidities who had had previous
miscarriages. She began treatment with factor XIIl subunit A (XIII-A) replacement treatment Recombinant fac-
tor XIII (Tretten) at a dose of 2500 units monthly and was able, for the first time, to carry a pregnancy almost
to term. Although she experienced some obstetrical complications, she delivered a healthy baby. To the best
of our knowledge, this is the first report of the use of Tretten during pregnancy.

Tretten, which is not indicated in pregnancy, offered a safe, effective treatment for miscarriages secondary to
factor XIII-A deficiency in our patient. Further research is required to confirm this finding.
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Background

Factor Xlll is an important plasma protein in the clotting cas-
cade. Initially termed fibrin stabilizing factor [1], factor XllI
has since been found to play other important roles in hemo-
stasis. It can crosslink various proteins not only in plasma but
also in platelets, endothelial cells, monocytes, and proteins in
the vascular matrix. Factor XlIl is a heterotetramer that circu-
lates in the plasma and is composed of 2 A and 2 B subunits.
Factor XllI is converted by thrombin into activated factor XIlI,
in the presence of calcium. Factor XllI-a crosslinks between fi-
brin molecules and consequently helps to form and stabilize
the thrombus [2].

Factor XIll deficiency can cause a tendency toward severe bleed-
ing. It is very rare, with a reported incidence of 1 in 5 million
people [3]. Most people with this disorder have a mutation in
the subunit A gene located on chromosome 6p25-24, which is
inherited in an autosomal recessive manner. However, 153 mu-
tations in FXIII-A gene and 16 mutations in FXIII-B gene have
been identified to date [4]; therefore, this disorder is charac-
terized by a high degree of heterogeneity. As a result, factor
XIlI deficiency presents with a variety of clinical manifestations,
and the clinical symptoms can range in severity. The disorder
can present with hemorrhage during the neonatal period, or it
may be diagnosed after delayed soft-tissue bruising, mucosal
bleeding, or life-threatening intracranial hemorrhage. Patients
with this disorder face a lifelong threat of hemorrhage; how-
ever, currently available prophylactic treatments offer a very
good prognosis [5].

The clinical presentation of factor XIIl deficiency includes se-
vere bleeding, intracranial hemorrhages, poor wound heal-
ing, spontaneous abortions, and repeated post-tonsillectomy
bleeding in undiagnosed hematological condition patients [6].
Most patients experience bleeding episodes throughout their
lives, from birth onwards. At birth, bleeding from the umbil-
ical cord manifests as persistent 0ozing lasting several days.
In older individuals, there can be bleeding in the central ner-
vous system, sometimes associated with trauma; the signs
will depend on the location of the bleeding. It is uncommon
for patients with factor XIll deficiency to present with large
hematomas or joint bleeds, unlike patients with severe hemo-
philia. Female patients commonly experience vaginal spotting
or bleeding during the first trimester of pregnancy, which of-
ten leads to a spontaneous miscarriage [5]. Morbidity and mor-
tality was studied in a large series of patients (317) in Iran, a
country that has about one-third of the world’s patients with
severe factor XIll deficiency [7]. It was noted that 15.4% of the
patients in this study died as a result of umbilical cord bleed-
ing or other symptoms, which underlines the importance of
early diagnosis and appropriate care.
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The diagnosis of factor XIII deficiency requires various tests. A
routine evaluation of any bleeding disorder that includes tests
for partial thromboplastin time, prothrombin time, thrombin,
fibrinogen level, platelet count, and bleeding time would not
lead to a diagnosis for factor Xl deficiency, because results
for these tests can be within normal parameters in patients
with this disorder. Clot solubility testing has been used since
the 1960s to diagnose factor XIlI deficiency, but this test can
only detect severe cases. The mild to moderate forms of fac-
tor XIIl deficiency are diagnosed through factor XIlI activity as-
says. These quantitative assays include amine incorporation
and ammonia release assays. Given that a variety of mutations
cause factor XIIl deficiency, genetic testing is also needed to
pinpoint the type of mutation that individual patients carry [5].
Dorgalaleh et al. proposed a flexible, reliable algorithm for the
diagnosis of factor XlII deficiency that could be applied in dif-
ferent parts of the world, taking into consideration variations
in the sophistication of laboratory facilities and the ethnic or-
igins of patients in different countries [8].

Factor XlII deficiency poses various challenges during pregnan-
cy and delivery, and the management of pregnant women with
this disorder requires a multidisciplinary approach. There is an
increased risk of antepartum bleeding, and postpartum hem-
orrhage, defined as bleeding that exceeds 500 mL after vaginal
delivery or 1000 mL after Cesarean delivery, is an important risk
in the perinatal period [9]. As a general guideline, the plasma
level of factor Xlll subunit A must be at least 2-3 IU/dL, or ide-
ally higher than 10-12 1U/dL, in pregnant women with factor
Xl deficiency, and pregnant patients may need to be treated
with factor XIII-A concentrate approximately every 7 days. The
recommended dose is 10 1U/kg, to achieve a successful deliv-
ery [4]. During labor the plasma level of factor Xl subunit A
should ideally be above 20 1U/dL; a more recent study suggest-
ed that it should be above 35 IU/dL [4]. To achieve this opti-
mal level, a booster dose of 1000 IU of factor XIlI-A concentrate
should be administered [4,10]. To prevent postpartum hemor-
rhage, a dose of 250 IU weekly until the 23 week was recom-
mended, which should then be increased to 500 IU weekly [4].

The therapeutic options currently available include fresh fro-
zen plasma at a dose of 10 ml/kg, cryoprecipitate at a dose of
1 bag/10 kg, and Fibrogammin and Corifact (factor XIll con-
centrate) at a dose of 10-26 1U/kg. Recombinant factor XIlI-A
was approved by the US Food and Drug Administration (FDA)
in December 2013, at a dose of 35 1U/kg.

Case Report

A 37-year-old female patient with factor XIII deficiency wished
to become pregnant. She has 1 brother, but she does not
have family history of this bleeding disorder. Her disease was




diagnosed at puberty, after she presented with bruises and
heavy menstrual cycles. After thorough investigations, which
revealed normal blood count, coagulation test results and plate-
let aggregation, the clot solubility test for factor Xl showed
no clot present. Factor XIlI activity was not assessed at that
time. She had been treated with fresh frozen plasma once per
month until the age of 18, when she started treatment once
per month with Fibrogammin, a purified concentrate of factor
Xlll that is derived from human plasma. The patient was mor-
bidly obese and had tested positive for hepatitis C but this in-
fection had not been active and had not required treatment.
The patient had not experienced major bleeding but she of-
ten had bruising and heavy menstrual cycles. She had been
assessed on a yearly basis in our clinic, and the solubility test
showed clot present most of the time. This reflected that fact
that she received monthly factor replacement. In 2012, she suf-
fered a miscarriage at 11 weeks’ gestation that was related to
her factor XIII deficiency. She underwent dilation, curettage,
and suction without any complications, after receiving factor
XIII (Fibrogammin) the day before. The patient wished to be-
come pregnant again, thus she was tested at the reference lab-
oratory and found to have factor XIlI activity of 5 IU/dL (refer-
ence of 60 to 169 IU/dL) and factor XIII-A activity of 4 1U/dL (49
to 154 |U/dL). She began treatment with Tretten, a recombi-
nant analogue of the A subunit of factor XIlI, at a dose of 2500
units monthly. After the patient became pregnant, she devel-
oped gestational diabetes and at 36 weeks’ gestation she de-
veloped HELLP syndrome, which is characterized by hemoly-
sis (absolute reticulocyte count was 130x10°L, LDH 420 U/L),
elevated liver enzymes (gamma glutamyl transpeptidase was
72 U/L, aspartate amino transferase 238 U/L, alanine ami-
no transferase 330 U/L, alkaline phosphatase 243 U/L), and a
low platelet count (76x10°/L in this case). At this time she was
admitted to hospital and started on magnesium sulfate and
Cervidil, and labor was induced. Because of an abnormal fetal
heart rate during labor, the patient underwent a Cesarean sec-
tion. The placenta was very low; therefore, it was cut through
to free the baby. There was significant bleeding at this point.
Among factor XIIl exams, only the clot solubility test was done
at that time, showing blood clot present. The patient delivered
a boy who weighed 2895 g with Apgar scores of 6 and 6, and
the baby was admitted to the neonatal intensive care unit. The
patient’s estimated blood loss was about 1000 mL.

After the Cesarean section, the patient’s oxygen saturation
dropped into the 80s, and her creatinine level was becoming
elevated. At this point she was given furosemide to maintain
adequate perfusion to her kidneys. She was admitted to the
intensive care unit to address her increasing creatinine lev-
el (175 pmol/L) and oxygen requirements. The patient was
also found to have some bleeding through her incision, and
thus was put on Cyklokapron 2000 mg bolus intravenously,
then 1000 mg intravenously every 8 hours. The bleeding was
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stopped, the patient’s oxygen saturation was normalized and
she was discharged to the maternity ward after spending 1
day in the intensive care unit. Her laboratory values, blood
pressure, and oxygen saturation were all normalized and she
was discharged from the hospital at day 7 after her Cesarean
section, without any bleeding complications. The routine co-
agulation evaluation was in the normal limits. The quantita-
tive assay is not offered in our center.

Discussion

Cases of factor XIlI deficiency have been reported since 1960,
when the disorder was first recognized by Duckert et al. [11].
In 1987, only 2 successful pregnancies had been reported in
women with congenital factor XIII deficiency treated with sub-
stitutive therapy [12]. Some women with factor XIlI deficiency
have recurrent miscarriages, with no reason for the miscarriag-
es other than the women’s factor XIII deficiency.

Subunits A and B of factor XIlIl (XIlI-A and XIII-B) are normal-
ly present in mother and fetus during pregnancy. The mother
does not experience miscarriage if only the fetus has factor
XIIl deficiency. Mothers with a deficiency of XIlI-A miscarry if
they have not received replacement therapy. However, mothers
with a deficiency of XIII-B are able to maintain pregnancy. This
indicates that it is essential to maintain levels of XIII-A but not
XIlI-B during pregnancy. In investigations of the implantation
period with immunohistochemistry staining, Kobayashi et al.
and Asahina et al. showed that XIlI-A deficiency is associated
with early placental adhesion anomaly and that the local con-
centration of XIlI-A at the placental bed is low in women with
this disorder, causing insufficient formation of Nitabuch’s lay-
er and the cytotrophoblastic shell [13,14].

Tretten, which is structurally identical to human factor XIIl sub-
unit A, is the first recombinant product approved for use in
the routine prevention of bleeding in factor XIlI-A deficiency.
In clinical trials involving a total of 77 patients with congeni-
tal factor XIII-A deficiency, Tretten prevented bleeding in 90%
of the patients when given monthly [15]. The reported bleed-
ing in our case was likely due to thrombocytopenia as a re-
sult of HELLP syndrome. Adverse effects included headache,
pain in the extremities, and pain at the injection site. None
of the trial participants developed abnormal clots. Tretten is
classified as pregnancy Category C (an FDA classification stat-
ing that there are no adequate studies in humans, but poten-
tial benefits may warrant use of the drug in pregnant women
despite potential risks). According to the product monograph,
it “should be avoided during pregnancy unless the benefits
clearly outweigh the risks” [16]. It is also not known whether
Tretten can cause fetal harm when administered to a pregnant
woman or if it can affect reproductive capacity.
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Conclusions

To the best of our knowledge, this is the first reported case of
a pregnant woman being treated with Tretten. In our patient,
this drug, which is not indicated in pregnancy, offered a safe,
effective treatment for miscarriages secondary to factor XIII-A
deficiency. Further research is required to confirm this finding.
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