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Case report 1

Aggressive fatal case of autoimmune hemorrhaphilia
resulting from anti-Factor Xlll antibodies

Hiroyuki Sugiyama®, Hiroko Uesugi®,

Masayoshi Souri®

Factor Xl (FXI1) is a fibrin-stabilizing factor consisting of
catalytic A subunits (FXIil-A) and carrier B subunits (FXIil-
B). Congenital FXIil deficiency is a rare bleeding disorder.
Acquired FXIi deficiency resulting from FXIl hypo-
synthesis and/or hyperconsumption is a relatively common
disorder in which patients seldom bleed. On the contrary,
‘autoimmune/acquired hemorrhaphilia Xili/13 due to anti-
FXil antibodies (AH13) is a rare but life-threatening
bleeding disorder. Through a nationwide survey of AH13,we
diagnosed aggressive AH13 in a 66-year-old woman. She
consullied our department because of a spontaneous
hematoma in her hand. After 1.5 months, she also
developed an intramuscular hematoma but retained
approximately half (52%) of the normal FXIll activities. The
patient’s bleeding symptoms were aggravated to
catastrophic massive bleedings in the large abdominal
muscles and intrapelvic and intraperitoneal spaces. Two
months after the bleeding onset, she died despite
undergoing plasma exchange, which was performed
because we were deeply suspicious of the presence of an
anti-FXI inhibitor. Seven days after her death, exiremely
low FXili activity (6%) and positive data on anti-FXli

Introduction

Factor XIII is a fibrin-stabilizing factor, consisting of
catalytic A subunits (FXIII-A) and noncatalytic carrier
B subunits (FXIII-B) [1,2]. Congenital FXIII deficiency
is a rare hemorrhagic disorder. In contrast, acquired FXIIT
deficiency is a relatively common disorder, frequently
caused by a nonautoimmune sécondary FXIII reduction
resulting from hyposyathesis and/or hyperconsumption
of FXIII because of a primary disease(s) {3,4]. An auto-
immune disease, ‘acquired hemophilia,” results from the
presence of autoantibodies directed against coagulation
factors, most commonly factor VIII (FVIII) [5]. Recently,
recognition of this bleeding disorder is increasing [6].
On the contrary, information on only a small number
of cases of ‘autoimmune hemorrhaphilia due to anti-
FXI11/13 inhibitors (AH13)’ has been collected [3,4].
AH13 must be distinguished from regular ‘hemorrhagic
acquired FXIIT deficiency (HAFXIlldef)’ [4], as the
former tends to be more severe than regular HAFXIIIdef,
and requires immunosuppressive therapy to eradicate
autoantibodies.

During our nationwide survey on AHI13 [3,7], we diag-
nosed severe AH13 in a Japanese woman, who developed
autoantibodies against FXIII-A. Her bleeding symptoms
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inhibitor were reported by a commercial laboratory. Our dot
blot assay detected anti-FXHI-A auioantibodies, afterwards.
Thus, the diagnosis of aggressive AH13 as early as possible
is necessary o save patienis’ lives. Blood Coagul
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were rapidly aggravated and she died within 2 months
after the onset of the first bleeding.

Patient

A 66-year-old Japanese woman with a hematoma in her
right hand consulted our deparument in late February
2011 (day 14; Fig. 1). The patient and her family had no
history of bleeding tendency. At approximately the age of
around 30 years, she underwent gastrectomy for gastric
ulcer and a transfusion (unspecified); afterwards, she
underwent a hemorrhoidectomy and a caesarean section
without any excessive bleeding. She was found to have
neurosyphilis in the summer of 2010 and received
aceftriaxone (C'TRX) infusion. In the middle of January
2011, she was admitted to a hospital owing to a com-
pression fracture of the thoracic vertebra. She then
spontaneously developed a subcutaneous hematoma on
the back of her right hand at the beginning of February
2011(day 1; Fig. 1, top). As her right fingers became
paralysed as the hematoma expanded, compartment
syndrome was suspected. She was transferred to our
hospital in the middle of February (day 14), and under-
went incision of the hematoma (day 16). The wound
oozed continuously from that point forward. She also
started to experience epistaxis and gingival bleeding

DOL:10.1097/MBC.0b013e328358e8e7
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Fig. 1
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Clinical course of the present case. The patient experienced four bleeding episodes that were progressively aggravated and ultimately led to her
death (day 63) only 2 months after the initial bleeding. She received prednisolone (PSL) and underwent plasma exchange (PE) owing to the

suspected presence of anti-FXIHl antibodies was suspected. Her FXIIl activity reduced rapidly from 52 to 6% within 7 days (shaded columns). Red
cell concentrates (RCC) were infused at 2 or 4 units when hemoglobin levels dropped significantly. Five units of fresh frozen plasma (FFP) were also
given the day before her death. Large downward arrows, major bleeding episodes; small downward arrows, bleedings from the incision/debridement

wound sites.

while brushing her teeth. On the fifth day after the
transfer (day 18), the patient consulted our hematology
department. Routine laboratory tests revealed moderate
anemia, renal dysfunction, and a high C-reactive protein
level. Her serum was positive for antihepatitis C virus
(HCV) antibody (Ab), rapid plasmin regain and 77epo-
nema pallidum hemagglutination assay result. Although
the prothrombin time (PT) and platelet count were
normal, the activated partial thromboplastin time (aP’1'T)
was slightly prolonged in the coagulation screening
tests. The patient underwent debridement of the necro-
tic tissues in her right hand (days 21 and 42) and repeated
postoperative bleedings since then. The patient
developed an intramuscular hematoma in her right thigh
5 days (day 44) after twisting at the waist, and fell into a
state of shock (SBP <70 mmHg; day 47). She was then
transfused with red cell concentrates (RCC) because of
further aggravation of the anemia (Hb 6.5 g/dl). As FX1II
deficiency was suspected, her plasma sample was sentto a
commercial laboratory (day 50). After 5 days (day 55), the
FXIII activity determined by an ammonia release assay
was reported to be 52% of the normal activities. As we
deeply suspected AH13, further FXIII-related examin-
ations including a cross-mixing test were out-sourced to
two commercial laboratories (day 57). All the coagulation
test results were within normal or subnormal ranges,
except for the mildly decreased FXII/12 acuvity in her
plasma (Suppl. Table 1, http://www.id.yamagata-u.ac.
jp/MolPathoBiochem/MolPathoBiochem.html). Under
growing suspicion of the presence of anti-FXIII inhibitor,
she started to receive immunosuppressive therapy

with prednisolone at 20 mg per day (day 58). However,
the next day she suddenly developed a painful intra-
muscular hematoma in her left abdominal rectus and a
diffuse subcutaneous hematoma from her right waist to
her thigh (Suppl. Figure 1, http://www.id.yamagata-u.
ac.jp/MolPathoBiochem/MolPathoBiochem.html), and
2 days later (day 61), she was transferred to the ICU
because of a shock state (SBP 80mmHg) again and
deteriorated consciousness. The abdominal hemorrhage
expanded to the frontal intrapelvic cavity, and intra-
peritoneal hemorrhage finally emerged (Suppl. Figure 1,
bottom, http://www.id.yamagata-u.ac.jp/MolPathoBio-
chem/MolPathoBiochem.html).

Despite undergoing continuous hemodiafiltration
(CHDF) first and subsequent plasma exchange, the
patient fell into respiratory failure and was intubated
the next day. The patient died on day 63 because of
hemorrhagic shock resulting from the massive intra-
peritoneal bleeding, within 2 months after the first bieed-
ing episode on her right hand. The results of the FXIII-
related examinations were reported by a commercial
laboratory on the 14th day after the sample submission,
that is, 7 days after her death (Suppl. Table 1, hup:/
www.id.yamagata-u.ac.jp/MolPathoBiochem/MolPatho
Biochem.html). Her FXIII activity was drastically
deteriorated from 52 (day 50) to 6% (day 57) within
7 days. Moreover, a 1:1 cross-mixing test between her
plasma and normal control plasma showed 5% as the
resulting actual FXIII activity of the mixed plasma,
whereas the theoretical value was 51% [(96 +6=102)/



2]. Unfortunately, she received no FXIII replacement
therapy because these FXIII-related assay results came
back a week after her death.

Methods

This study was approved by the institutional review
board of the Yamagata University School of Medicine.
All the procedures were conducted in accordance
with the Declaration of Helsinki. Informed consent
was obtained from all the individuals including the
present case and normal healthy controls.

Whole blood was collected into tubes containing a one-
tenth volume of 3.8% sodium citrate. The plasma
samples were quick-frozen and sent to a commercial
laboratory (SRL. Ltd., Hachioji, Japan) for analysis of
the plasma FXIII activity and a 1:1 cross-mixing test
for FXIII activity in the mixed plasma from the patient
and a healthy individual.

The cases of suspected AH13 were examined for
the presence of anu-FXIII inhibitors using five-step
cross-mixing tests by amine incorporation assay for
FXIII activity in the mixed plasma from a patient and
a healthy individual and a dot blot test for antibodies
against recombinant FXII-A (rFXIII-A) and recombi-
nant FXIII-B (FXIII-B). We performed a fibrin cross-
linking test, an enzyme-linked immunosorbent assay
(ELISA), and a western blotting assay for FXIU-A and
FXIII-B antigens as previously described [8].

In order to estimate an anti-FXIII inhibitory activity,
serial dilutions of patient’s plasma with FXIII-deficient
plasma were mixed with an equal volume of pooled
plasma of healthy individuals (#=26) and incubated at
37°C for 2 h. "Ten microliters of each plasma mixture was
measured by amine incorporation assay for FXIII activity.
Inhibitory potency was expressed in Bethesda Units/ml.

Results and discussion

Diagnosis of autoimmune/acquired hemorrhaphilia
XI1/13 due to anti-FXlI antibodies and detection of
anti-FXIl-A autoantibodies

During our recent nationwide survey on the incidence
of AH13 [3,7], we identified a new case of AHI13.
As the results of all the coagulation tests were within
normal ranges for the elderly Japanese female patient,
various minute examinations related to FXIII were then
conducted using residual frozen patient’s plasma of day
57, which was an only available sample. The patient’s
plasma had extremely low levels of FXIII activity: 6
and 4% by the ammonia release assay and the amine
incorporation assay, respectively. The result of the fibrin
cross-linking test revealed an almost complete absence of
v-dimerization and a-polymerization (Fig. 2a), suggesting
essentially no FXIII activity against its physiological sub-
strates as well. The western blotting analysis detected a
moderately reduced band of FXIII-A protein (Fig. 2b), a
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finding that is consistent with the ELISA results (47% of
the normal). In contrast, a normal amount of FXIII-B
antigen was confirmed by the western blotting analysis
(Fig. 2b) and ELISA (119% of the normal), clearly indi-
cating a primary deficiency of FXIII-A that was not due to
the lack of protection by FXIII-B. Moreover, an extremely
low specific activity of FXIII ([5/47=0.11], that is essen-
tially no FXIII activity versus half-normal FXIII antigen)
strongly suggests the presence of inactivated FXIII by
an anti-FXIII inhibitor(s) in the patient’s plasma.

The result of the cross-mixing test (1:1) between the
patient’s plasma and the normal control plasma via the
use of a commercial ammonia release assay showed
complete inhibition (Suppl. Table 1, http//www.id.
yamagata-u.ac.jp/MolPathoBiochem/MolPathoBiochem.
heml). In addition, the results of the five-step dilution
cross-mixing test by using a laboratory amine incorpora-
tion assay clearly showed a typical ‘inhibitor’ pattern due
to a large downward deviation (Fig. 2c¢), which thus
indicated a suongly positive result for an anti-FXIII
inhibitor (1.1 Bethesda units/ml). Moreover, the dot blot
assavs using rFXII-A, rFXIII-B, and their complexes
clearly demonstrated the presence of anti-FXIII-A ant-
bodies (Fig. 2d).

Underlying conditions of autoimmune/acquired
hemorrhaphilia Xili/13 due to anti-FXHI antibodies

It is likely that the antbodies of this AH13 case were
idiopathic, because the patient’s first bleeding symptom
emerged only 2 months before her hemorrhagic death
in the absence of complications of other autoimmune
diseases and malignancies [3,4]. About a half of all the
AH13 cases were idiopathic at our hands, like AHA [5,6].
However, drug-induced disorders cannot be completely
excluded from the underlying cause of this AH13 case,
because she had received CTRX for neurosyphilis.
CTRX is one of the most common drugs to cause
drug-induced immune hemolytic anemia (DIIHA)
[9,10]. This may be not a clear case of drug-induced
antibodies because CTRX was admuinistered approxi-
mately 6 months before the bleeding onset, and anti-
bodies to C'TRX are not of autoantibody type but only of
the immune-complex type [11]. In the case of AH13, anti-
FXIilinhibitors had developed while patients were taking
isoniazid for pulmonary tuberculosis or ciprofloxacin for
medial otitis [12,13]. The neurosyphilis per se and HCV
infection may have also been related to the developmentof
the patient’s antibodies. Itis worth noting that in our study,
of 19 Japanese AH13 patients, one case was also positive for
anti-HCV Ab ({4]; unpublished data).

Necessity for early diagnosis and treatment for
aggressive autoimmune/acquired hemorrhaphilia XIil/
13 due to anti-FXIli antibodies

To the best of our knowledge, this is the most aggressive
case of all AH13 cases among the Japanese patients
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Analyses of the patient's FXIll and detection of anti-FXIl} antibody. A fibrin cross-linking study was performed by the addition of 1 unit/m! thrombin and
5 mM CaCly into the patient’s plasma and normal control plasma. The clots were recovered at the indicated time intervals and subjected to sodium
dodecyl! sulfate-polyacrylamide gel electrophoresis analysis. The resuits of the fibrin cross-linking study showed the lack of both y-dimerization and «-
polymerization reactions (panel a). A western blotting analysis was conducted using rabbit polyclonal anti-FXIlI-A and FXHlI-B antibodies. When

diluted plasma was analyzed (dilution: 1/25 to 1/200; from the right to the left; panel b), the results showed a moderately reduced amount of FXIII-A
protein (1/25 dilution of the patient’s sample is comparable to 1/50 dilution of normal control) and a normal amount of FXII-B protein. A five-step
dilution cross-mixing test by amine incorporation assay was performed using the patient's plasma at the ratios of 0:1, 1:3,1:1,3:1, and 1:0 with
normal plasma. The mixed samples containing the patient’s plasma and normal plasma clearly showed an ‘inhibitor’ patiern, because there was a
large downward deviation in all of the diluted samples (panel c). A dot blot assay was performed using rFXII-A, rFXII-B, and their complexes at the
indicated amounts shown as antigen (ng). The results showed the presence of anti-FXIlI-A antibodies (panel d). The positive controls stand for

autoimmune/acquired hemorrhaphilia Xill/13 due to anti-FXIl antibodies (AH13) patients’ plasmas identified previously [3,71.

studied [3,7] (a total of 28 cases as of March 2012 [14]).
The authors believe that the patient’s FXIIT activity
had already been significantly reduced by the auto-
antibodies against FXIII by day 16 as she developed
continuous oozing from the incision site and epistaxis
and repeated gingival bleeding. Whereas the patient
showed 52% of FXIII activity at the time of her second
consultation with our department {day 50), her FXIII
activity drastically decreased to 5% within 7days. It is
possible that the second bleeding episode, an intra-
muscular hematoma in the patient’s right thigh, further
reduced her FXIII levels by its consumption. However,
it is highly likely that the presence of anu-FXIII-A
autoantibodies per se also had clinical implications for
the patient’s bleeding episodes by neutralizing the
remaining small amount of FXIII, as clearly indicated

by the extremely low specific activity of FXIII. Thus,
she developed the massive multiple bleedings into her
left rectus abdominis muscle and subsequent expansion
to the left flank, internal and external oblique muscles
and a diffuse subcutancous bleeding, as well as the
fourth bleeding episode included left intrapelvic
and intraperitoneal bleedings. Such catastrophic hemor-
rhages may have led to a further decrease in her FXIII
levels despite the plasma exchange that was conducted
to remove possible anti-FXI1I inhibitors the day before
her death.

The result of a commercial cross-mixing test for the
screening of AH13 was reported 7 days after the patient’s
death and those of our extensive examinations on FXIII
including a five-step dilution cross-mixing test and dot



