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Background: Congenital dysfibrinogenemia (CD) is a rare hereditary coagulation
disorder resulting from mutations in fibrinogen genes. CD primarily presents
with bleeding symptoms, but it can also lead to thrombotic events, including
ischemic stroke.

Casepresentation: Thisreportdescribesthe caseofa52-year-old Chinese man
who was admitted to the hospital twice due to recurrent cerebral infarction,
characterized by sudden speech impairment and weakness in the right upper
extremity. Brain MRI revealed multiple ischemic changes, predominantly in
the left frontal and parietal lobes. Coagulation tests demonstrated reduced
plasma fibrinogen (Clauss method), prolonged prothrombin time and
thrombin time, and an elevated international normalized ratio. However, the
ELISA assay indicated elevated levels of fibrinogen y-chain protein. Despite
a 2-month-old treatment regimen with aspirin, clopidogrel, and atorvastatin
after the first hospitalization, the patient experienced a second ischemic
stroke. Genetic analysis using whole-exome sequencing (WES) and Sanger
sequencing identified a rare heterozygous missense variation, FGG c.952G>A
(rs267606810), in both the stroke patient and his asymptomatic sister. Both
individuals exhibited the same alterations in fibrinogen, characterized by
reduced functional levels but increased antigenic protein. Subsequently,
the patient was diagnosed with ischemic stroke associated with congenital
dysfibrinogenemia.

Conclusion: This case report expands the clinical phenotype spectrum
associated with FGG ¢.952G>A (rs267606810) and underscores the significance
of considering CD as a potential etiology for unexplained ischemic stroke,
particularly in patients with a family history of coagulation disorders.
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Introduction

Congenital ~dysfibrinogenemia [CD; Online Mendelian
Inheritance in Man® (OMIM): #616004] is a rare hereditary
coagulation disease, usually caused by mutation(s) in one of the genes
FGA, FGB, or FGG, which jointly encode fibrinogen (Fib), a protein
that plays a crucial role in coagulation (1, 2). Mutation(s) in the Fib
gene may lead to changes in the structure or functional properties of
Fib and further impair its ability to form stable blood clots. In CD
patients, the synthesis of abnormal Fib generates a wide spectrum of
clinical manifestations, ranging from asymptomatic forms to bleeding
and/or thrombosis (1, 3). While bleeding tendency due to impaired
clot formation is often associated with CD, a small proportion of CD
patients may paradoxically have an increased risk of thrombotic
events. Nevertheless, due to the variability of clinical presentation and
the rarity of CD, clinicians are less likely to immediately consider CD
as a cause of thrombotic events without further investigation. Several
common coagulation function tests, such as Fib protein level and
activity tests, active partial plasma prothrombin time (APTT),
prothrombin time (PT), and thrombin time (TT), are the preferred
methods for the diagnosis of coagulation disorders. However, these
tests are of limited value in the etiological diagnosis of CD. In addition,
interpretation of laboratory results for coagulation disorders can
be complex, and misinterpretation of results often causes misdiagnosis
or delayed diagnosis of CD, ultimately resulting in unnecessary or
inappropriate treatments and an increased risk of fatal complications
such as excessive bleeding, recurrent thrombotic events, and multiple
organ failure (3-6). As CD is a genetic disease, genetic testing is often
necessary for the definitive diagnosis and appropriate management of
CD, especially when there is a suspected underlying genetic
predisposition to unexplained thrombosis.

We report here the case of a 52-year-old male CD patient with
abnormal coagulation function and recurrent cerebral infarcts.
Through whole-exome sequencing (WES) analysis, we identified a
heterozygous missense variant ¢.952G>A in the FGG gene as a
potential genetic causative factor.

Case presentation
Case overview

The patient was a 52-year-old Chinese man who was admitted to
the hospital due to two cerebral infarctions. Initially, a sudden speech
disorder was the main cause of hospitalization. Physical examination
at that time revealed only Broca’s aphasia-like symptoms. Coagulation
tests indicated a coagulation disorder, which was characterized by a
decrease in the plasma level of Fib as determined by the Clauss
method, an increase in Fib plasma concentration as detected by
ELISA, and prolongation of PT and TT. In addition, brain imaging
examinations revealed ischemic changes in multiple brain regions. As
a result, the patient was diagnosed with unexplained multiple cerebral
infarction and was treated with aspirin, clopidogrel, and atorvastatin.
Although the short-term treatment alleviated his speech disorder, it
failed to prevent the recurrence of the cerebral infarction. A second
ischemic stroke manifested itself in the form of mild aphasia and
weakness of the right upper extremity. Through family screening and
genetic testing, we identified a rare heterozygous missense variant
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FGG ¢.952G>A (r5267606810) in the patient and his asymptomatic
sister, both of whom exhibited the same alterations in Fib,
characterized by reduced functional levels (Clauss method) but
increased antigenic protein (ELISA assay). Taking the findings
together, the patient was definitively diagnosed with CD. Finally, the
patient underwent long-term therapy with clopidogrel and
atorvastatin, which has so far brought about a satisfactory recovery
from cerebral infarction and the associated neurological symptoms.

Initial hospitalization

A 52-year-old man was admitted to our hospital on 30 April 2022
due to a sudden speech disorder that had persisted for 17h. On
admission, his blood pressure was 118/69 mmHg, and his heart rate was
58 beats per min. He was conscious and had normal facial expressions.
The bilateral pupils were equal in size, round (diameter approximately
3.0mm), and reacted to light. Notably, he exhibited Broca’s aphasia-like
symptoms with repetition of words or simple phrases, but not fluent
grammatical sentences, and he was aware of his own speech impairment.
Nevertheless, the ability to understand was not impaired. Physical
examinations showed normal systemic motor and sensory functions
and normal muscle strength (grade V) in four limbs, and neither
pyramidal signs nor meningeal irritation signs were observed. The
National Institutes of Health Stroke Scale (NIHSS) score was 4, which
indicated minor to moderate stroke. Brain computed tomography
angiography (CTA) showed patchy hypointense signals in the left
frontal lobe. The distal branches of the left anterior cerebral artery were
sparser than those of the contralateral artery (Figure 1A). Diffusion-
weighted magnetic resonance imaging (DW-MRI) further revealed
ischemic changes in multiple brain regions, including the left frontal
lobe, the parietal lobe, the occipital lobe, the basal ganglia, and the
corona radiata (Figure 1B). Vascular ultrasound showed intima-media
thickening of the right carotid artery and bilateral lower limb arteries.
A complete blood count showed a high platelet count (366 x 10°/L),
leucocyte count (12.5x10°/L), and absolute neutrophil count
(9.0x10°/L), and a low erythrocyte count (4.23 x 10'*/L). Importantly,
laboratory tests showed reduced activity of plasma Fib (0.6 g/L, Clauss
method), prolonged PT (16.1s) and TT (26.6s), and an elevated
international normalized ratio (INR; 1.34), although APTT (32.7s) and
D-dimer (0.19mg/L) were within normal reference ranges (Table 1).
Moreover, plasma anticardiolipin antibody, antithrombin antibody,
homocysteine, glycated hemoglobin, triglyceride, and cholesterol were
normal. Electrocardiogram and cardiac ultrasound revealed normal
cardiac function. Echocardiography with agitated saline contrast, also
known as a bubble study, showed no bubbles within the left heart
(Figure 1C). As a positive control, bubbles were visualized in the left
heart within 3-5 beats in a patient with a patent foramen ovale (PFO)
(Figure 1D). Abdominal ultrasound also showed no obvious
abnormalities. Kidney and liver function were normal.

The patient was diagnosed with unexplained multiple cerebral
infarction. As there was no indication for interventional therapy,
he was treated with dual antiplatelet and hypolipidemic therapy for
10days, including aspirin (100 mg, q.d.), clopidogrel (75 mg, q.d.), and
atorvastatin (20mg, q.d.). He was subsequently discharged with
significant relief from Broca’s aphasia-like symptoms. After discharge,
clopidogrel was continued for a further 11days, and aspirin and
atorvastatin were taken regularly.
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FIGURE 1

Imaging and genetic results for the patient. (A) Representative CTA image of the patient’s brain. (B) On first admission, DW-MRI of the brain shows high
signal in the left frontal lobe, the parietal lobe, the occipital lobe, the basal ganglia, and corona radiate, as indicated with red arrows. (C,D) Agitated-
saline-contrast echocardiography of the reported patient (C) and a positive control patient with patent foramen ovale (PFO) (D) show bubbles
(indicated by yellow arrows) in the left ventricle of the PFO patient but not in the stroke patient (our case). (E) On second admission, DW-MRI of the
brain shows high signal in the left frontal and parietal lobes, as indicated by red arrows. (F) SWI-MRI of the brain shows low signal in the left frontal
lobes, the parietal lobes, and the left basal ganglia, where the lesions were located on first admission. (G) Pedigree analysis of the patient’s family. The
patient and his older sister, who both carried FGG c.952G>A, are shown in solid black. Healthy family members are shown in hollow white. The patient,
i.e., the proband, is marked with an arrow and his deceased father with a diagonal slash. (H) Sanger sequencing confirms the presence of FGG
¢.952G>A in the patient and his older sister, and the absence of FGG ¢.952G>A in his mother and son.

TABLE 1 Results of coagulation function tests in the patient and his older sister.

Member PT (s) INR APTT (s) TT(s)
Normal range / 11.0-14.5 0.8-1.2 28.0-42.0 14.0-21.0 0-0.5 2.0-4.0 2.0-4.0
2022.04.30 16.1 1.34 32.7 26.0 0.19 0.60 /
1.2
2022.06.17 16.1 1.33 34.2 253 0.10 045 3.02
IL1 2022.10.24 15.4 1.24 347 28.1 / 0.60 /
Readmission to hospital pressure, and heart rate were normal, but he showed mild symptoms

of aphasia. Strikingly, his right nasolabial sulcus was flat, and his

On 16 June 2022, the patient was readmitted to the hospital due ~ mouth was tilted to the left. The muscle strength of his right arm was

to mild aphasia and persistent weakness of the right upper limb for ~ grade IV, and the other limbs were grade V. DW-MRI of the brain
29h. On the second recording, his consciousness, pupils, blood  showed new ischemic lesions located mainly in the left frontal and
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TABLE 2 Plasma levels of Fib y-chain.

Member ‘ Fibrinogen y-chain (pg/mL)

1.2 3.37
1L.1 2.72
1.3 0.91

Control (n=5) 2.02+0.43

parietal lobes, while encephalomalacia of previous ischemic areas was
observed (Figure 1E). Susceptibility-weighted imaging (SWTI) further
revealed cerebral microbleeds and remote hemorrhage in the left
frontal and parietal lobes and in the left basal ganglia (Figure 1F).
Again, routine blood tests showed a high platelet count (385 x 10°/L)
and low erythrocyte count (4.19 x 10'%/L). Importantly, the PT-derived
method detected a normal concentration of plasma Fib (3.02g/L;
Table 1), which was dramatically higher than the concentration
detected by the Clauss method. The PT-derived/Clauss ratio of plasma
Fib was 6.71. In addition to the previously observed abnormalities of
common coagulation markers, we found an increased plasma level of
von Willebrand factor (YWF) antigen (182%; normal range: 77.9%-
137.1%), while plasma levels of protein S, protein C, antithrombin III,
lupus anticoagulant, and fibrin/Fib degradation products (FDPs) were
normal. Moreover, the activity of coagulation factor VIII was
increased, while plasminogen (PLG) activity was normal. As the
antiplatelet agents had been unable to prevent the recurrence of
cerebral infarction, the patient was treated with atorvastatin and the
anticoagulant rivaroxaban (15 mg, q.d.). However, the 2 days course of
treatment with rivaroxaban led to nosebleeds, so rivaroxaban was
discontinued. The patient then took clopidogrel and atorvastatin for a
further 10days, which gradually improved his aphasia, abnormal
facial expression, and right arm weakness. After discharge, clopidogrel
and atorvastatin were taken regularly, and strict follow-up was
required. No further neurological symptoms had occurred at the time
of writing of this article.

Cascade genetic testing

The patient stated that he had no family history of neurological,
hemorrhagic, and/or thrombotic diseases. Nevertheless, his
asymptomatic older sister (55years old) underwent the usual
coagulation function tests, which also revealed a reduced plasma level
of Fib (Clauss method), prolonged PT and TT, and an increased INR
(Table 1). Other family members refused coagulation function tests.
To determine the genetic etiology, we collected peripheral blood
genomic DNA from the patient and performed WES analysis using
standard protocols. After filtering common variants and variants that
were irrelevant to neurological and coagulation disorders,
we identified a rare heterozygous missense variant in exon 8 of the
FGG gene, i.e., FGG c.952G>A (rs267606810). By Sanger sequencing,
we further confirmed the presence of this FGG variant in the patient
and his sister, but not in his healthy mother or son (Figures 1G,H).

FGG ¢.952G>A (rs267606810) leads to the replacement of
non-polar and aliphatic glycine with polar and uncharged serine at
position 318 in the C-terminal of the Fib y-chain, which plays a crucial
role in binding to the N-terminal of the Fib a-chain. FGG ¢.952G>A
was predicted by REVEAL, ClinPred, SIFT, and PolyPhen2 to

Frontiers in Neurology

10.3389/fneur.2024.1272802

be highly detrimental to the function of the encoded protein. This
missense variant has been reported in a patient associated with
thrombotic disease (7). In the ClinVar database, FGG ¢.952G>A is
defined as a variant of undetermined significance.’

Notably, ELISA assay using a human Fib y-chain ELISA kit (Cat
No.: JL19902, Jianglai Biological, China) further revealed that the
patient and his sister had similar plasma levels of Fib y-chain, which
were higher than those of the patient’s healthy wife and five healthy
control subjects (Table 2), suggesting that FGG ¢.952G>A may cause
a compensatory increase in abnormal Fib y-chain. Considering these
genetic results, we speculate that FGG ¢.952G>A may contribute to
the pathogenesis of the patient’s coagulopathy and recurrent cerebral
infarction. Finally, a definitive diagnosis of CD was made for
this patient.

Discussion

CD is a clinically heterogeneous hereditary disease that is
primarily associated with bleeding tendency rather than thrombotic
events. In a large cohort study with 102 Chinese CD patients,
thrombotic events occurred in only 4/102 (3.9%), and the remaining
patients either were either asymptomatic (68.6%) or showed bleeding
tendency (27.5%) (8). CD-related thrombosis occurs in all blood
vessels, but cerebral vessels are less frequently affected than vessels in
the legs or lungs (8, 9). Cerebral thrombosis can lead to cerebral
infarction, resulting in symptoms that are not specific to CD, such as
severe headaches, seizures, visual and speech disorders, and other
neurological deficits. Because of these overlapping symptoms and its
rarity, a cerebral infarction caused by CD is difficult to distinguish
from one with other causes.

Clinical manifestations of CD largely depend on the specific
location(s) of Fib gene variant(s). However, the genotype-phenotype
correlation of many variants remains unexplored. To date, several
variants have been found to be clearly associated with CD-related
thrombotic events, such as the p.Argl6Cys variant (Nanning),
p-Ser532Cys (Caracas V), and p.Arg554Cys (Dusart) in Fib a-chain;
p-Ala68Thr (Naples) in f-chain; and p.Asp364Val (Melun) in y-chain
(1, 10). Compared with heterozygous variants, homozygous and
compound heterozygous variants in the Fib gene are more likely to
cause bleeding/thrombotic symptoms (1, 2). However, it is important
to note that the clinical presentation of CD can vary among individuals
carrying the same variant, even within the same family.

In this study, we identified a heterozygous FGG ¢.952G>A
(p-Gly318Ser; rs267606810) variant in the patient and his
asymptomatic older sister. This variant occurs in the C-terminal
of Fib y-chain, which plays an important role in the structure and
function of Fib. Fib proteins undergo a complex process called
polymerization to form fibrin (11, 12). The C-terminal region of
Fib y-chain participates in polymerization by facilitating the
proper alignment, association, and stabilization of Fib molecules
(11, 12). In addition, the C-terminal region of the y-chain
contains binding sites for various proteins involved in coagulation
and fibrinolysis processes, including factor XIIIa, thrombin,

1 https://www.ncbi.nlm.nih.gov/clinvar/RCV000851954
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plasminogen, and tissue-type plasminogen activator (tPA) (11,
12). Therefore, it stands to reason that the p.Gly318Ser variant
we have reported impairs the stability and functionality of the
fibrin clot and the subsequent activation of fibrinolysis. FGG
c.952G>A has been identified as a mutation associated with
thrombotic diseases; however, a clear clinical phenotype remains
to be defined (7). The ClinVar database lists p.Gly318Ser as a
variant of uncertain significance. Here, we provide evidence that
recurrent cerebral infarcts are clinical manifestations of this
variant. However, further research is needed to evaluate the
of FGG ¢.952G>A
underlying mechanism.

pathogenicity and investigate the

The Clauss method is commonly used to quantify the Fib
concentration in plasma based on calculation of the conversion
rate of Fib to fibrin (3). Due to abnormal Fib structure or function,
the Clauss method often detects reduced plasma Fib levels in CD
patients (6). However, in the same patients, plasma Fib may
be determined to be normal or even increased when tested using
the PT-derived method, which calculates Fib concentrations
indirectly by measuring plasma turbidity during the PT clotting
process (6). CD patients may be misdiagnosed as having
hypofibrinogenemia when tested using the Clauss method or
overlooked when diagnosed by the PT-derived method. Many
studies have emphasized the combined use of these two laboratory
tests to determine plasma Fib levels in CD patients (6, 13). It has
been reported that the PT-derived/Clauss ratio of Fib (>1.43) has
excellent sensitivity and specificity for the diagnosis of CD (6). In
this study, we carefully measured the patient’s plasma Fib levels
using both the Clauss method and the PT-derived method, and the
PT-derived/Clauss ratio was 6.71, which is consistent with the
characteristics of CD. However, it should be noted that both the
Clauss method and the PT-derived method depend on the function
of Fib. Immunologic detection of Fib antigens is still required to
distinguish dysfibrinogenemia from hypofibrinogenemia. In our
study, we found that the levels of Fib y-chain in the plasma of our
patient and his sister, who both carried the p.Gly318Ser variant,
were higher than those of healthy controls.

Therapy for CD patients who undergo thrombotic events can
be determined according to the specific clinical scenario. In
general, anticoagulation therapy and/or antiplatelet therapy may
be used initially to treat acute thrombotic events (1). These
therapies may help to prevent further thromboembolism and allow
the anticoagulants to dissolve the existing thrombus, even if this
increases the risk of bleeding. In fact, anticoagulant therapy with
rivaroxaban, a specific factor Xa inhibitor, showed an obvious side
effect in the form of bleeding in our patient. Fortunately, dual
antiplatelet therapy with aspirin and clopidogrel showed
satisfactory long-term efficacy in the treatment of cerebral
thrombosis, but aspirin alone did not seem to be able to control the
recurrence of cerebral infarction. However, further extensive
studies are needed to understand the efficacy and safety of
antiplatelet agents in people with Fib gene variants.

In summary, we report a CD patient characterized by recurrent
ischemic stroke, an uncommon clinical entity in CD. Family screening
and genetic testing identified a heterozygous FGG ¢.952G>A
(rs267606810) variant in this patient and his asymptomatic older sister
with coagulation disorder. Our report expands the clinical phenotype
spectrum of the FGG c.952G>A variant and underscores the
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importance of considering CD as a potential cause of unexplained
ischemic stroke, especially for those with a family history of
coagulation disorder.
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