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Abstract
BACKGROUND 
The hereditary antithrombin (AT) deficiency caused by SERPINC1 gene mutation 
is an autosomal dominant thrombotic disorder. An increasing number of studies 
have shown that mutations in the SERPINC1 rs2227589 polymorphic site are 
correlated with a risk of venous thromboembolism (VTE) at common sites, such as 
lower extremity deep venous thrombosis and pulmonary thromboembolism. 
Currently, there are no reports of cerebral venous sinus thrombosis (CVST), a VTE 
site with a low incidence rate and rs2227589 polymorphism.

CASE SUMMARY 
Here, we report a Chinese CVST case with a mutation of the SERPINC1 rs2227589 
polymorphic site, which did not cause significant AT deficiency. In a 50-year-old 
male patient presenting with multiple cerebral venous sinus thromboses no 
predisposing factors were detected, although a relative had a history of lower 
extremity deep venous thrombosis. We performed sequencing of the SERPINC1 
gene for the patient and his daughter, which revealed the same heterozygous 
mutation at the rs2227589 polymorphic site: c.41+141G>A.

CONCLUSION 
The results showed that more studies should be conducted to assess the 
correlation between rs2227589 polymorphism and CVST.
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Core Tip: The hereditary antithrombin (AT) deficiency caused by SERPINC1 gene 
mutation is an autosomal dominant thrombotic disorder. Currently, there are no reports 
on SERPINC1 rs2227589 polymorphism and cerebral venous sinus thrombosis 
(CVST). Here, we report for the first time a Chinese CVST case with a mutation of the 
SERPINC1 rs2227589 polymorphic site, which did not cause significant AT defi-
ciency. More studies should be conducted to assess the correlation between rs2227589 
polymorphism and CVST.

Citation: Liao F, Zeng JL, Pan JG, Ma J, Zhang ZJ, Lin ZJ, Lin LF, Chen YS, Ma XT. Patients 
with SERPINC1 rs2227589 polymorphism found to have multiple cerebral venous sinus 
thromboses despite a normal antithrombin level: A case report. World J Clin Cases 2022; 10(2): 
618-624
URL: https://www.wjgnet.com/2307-8960/full/v10/i2/618.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i2.618

INTRODUCTION
Thrombophilia refers to a tendency for pathological venous or arterial thrombosis 
caused by interactions between multiple genetic and/or acquired susceptibility factors
[1]. Venous thromboembolism (VTE) is a typical hereditary thromboembolism, which 
is common in lower extremity deep venous thrombosis (DVT) and pulmonary 
thromboembolism (PTE)[2]. Cerebral venous sinus thrombosis (CVST) is a rare 
occurrence of VTE, with an incidence rate at least 25-50 times lower than that observed 
in common sites of VTE[3]. Common genetic risk factors for venous thrombosis 
include coagulation factor V and coagulation factor II, protein C and protein S, as well 
as mutations in the antithrombin (AT) gene[4]. The polymorphism of antithrombin 
gene SERPINC1 rs2227589 has been studied mostly in Caucasian people, where its 
association with the risk of DVT and recurrent pregnancy loss (RPL) has been 
demonstrated[5-7]. Studies on Chinese people have also reported an association with 
familial DVT, PTE, and coronary heart disease. However, no reports on rs2227589 
polymorphism and CVST currently exist, due to the rarity of the symptom.

As a member of the serine protease inhibitor superfamily, AT is the most important 
anticoagulant molecule in the body and is involved in regulating thrombin, factor Xa, 
and other clotting factors[8]. Hereditary AT deficiency is caused by various SERPINC1 
gene mutations and is a thrombotic disease of autosomal dominant inheritance[9]. AT 
deficiency increases the risk of first-onset VTE by about 16-fold and recurrent VTE by 
about four-fold. Additionally, an increasing number of studies have found that even 
AT levels near the lower limit of its normal range may increase the risk of VTE 
significantly[10,11].

Here, on the other hand, we report a CVST case with a mutation of the SERPINC1 
rs2227589 polymorphic site, which did not result in significant AT deficiency.

CASE PRESENTATION
Chief complaints
A 50-year-old male patient was admitted to the emergency room after experiencing 
headache pain for 10 d.

History of present illness
Headache for 10 d.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2307-8960/full/v10/i2/618.htm
https://dx.doi.org/10.12998/wjcc.v10.i2.618
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History of past illness
The patient did not have a history of hypertension, diabetes, hyperlipidemia, surgery, 
infection, liver or kidney dysfunction, smoking or drinking. He was married.

Personal and family history
His grandfather had a history of venous thrombosis in the lower extremities.

Physical examination
The physical examination yielded the following results: body mass index = 21 kg/m2, 
with stable vital signs, and clear consciousness, The patient's ophthalmoscopy 
indicated the presence of optic papilledema, normal results for the rest of the cranial 
nerves and for muscle tension of the extremities, limb muscle strength was rated as 
grade 5 based on the Medical Research Council scale, normal depth of feeling, normal 
tendon reflex, and negative Babinski, Chaddock, and meningeal irritation signs. The 
patient’s Montreal Cognitive Assessment was 29.

Laboratory examinations
The blood test results were as follows: D-dimer: 1430 g/L, prothrombin time: 16.3 s 
(reference range: 10.6-14.3 s), plasma partial thromboplastin time: 45.4 s (26.0-40.0 s), 
without obvious abnormalities on routine examinations of blood, urine, and feces, 
serum homocysteine concentration, anticardiolipin antibodies, rheumatic antineut-
rophil cytoplasmic antibodies, negative antinuclear antibodies, rheumatoid factors, 
thyroid function, erythrocyte sedimentation rate, and creatine kinase level.

To determine the reason for CVST, coagulation tests were performed. The results 
were as follows: AT activity: 81.8% (reference range: 75%-125%), protein C: 52.8%, 
protein S: 31.9% (reference range: 70%-140%), and LA1/LA2 for preliminary 
screening/diagnosis of lupus: 1.16 (reference range: 0.8-1.2) (Table 1). Because the 
patient had taken warfarin for one week for anticoagulation the anticoagulant protein 
test was performed. Warfarin is known to reduce the content and activity of plasma 
protein C and protein S antigens[12]; hence, the drug was considered to be the reason 
for the observed decrease in activity of protein C and protein S. As the patient had no 
acquired risk factors for thrombophilia, such as surgery, immobilization, trauma, or 
infection, the possibility of hereditary thrombophilia was considered. Coagulation 
factor II, V, and SERPINC1 gene detection showed that the patient had no gene 
mutation of coagulation factor II and V, but had heterozygous mutations in the introns 
around Exon 1 (rs2227589 site) of SERPINC1 that encoded the AT gene: c.41+141G>A 
(Figure 1A).

Considering that the patient’s daughter was of childbearing age, we also conducted 
blood coagulation tests and SERPINC1 gene test for the patient's daughter, to 
determine whether thromboprophylaxis needed to be given during perinatal and 
contraceptive periods when the risk of VTE is increased. The results showed that her 
AT-III, protein C, and protein S were all normal (Table 1). SERPINC1 gene detection 
showed the same heterozygous mutations in the introns around Exon 1 (rs2227589 
site) as her father: c.41+141G>A (Figure 1B).

Imaging examinations
The patient had an unexplained acute headache, with nausea, vomiting and 
intracranial hypertension with fundus optic papilledema. He had a family history of 
venous thrombosis and was highly vigilant against CVST. Subsequently, a brain 
magnetic resonance imaging (MRI) scan was performed. As expected, cranial magnetic 
resonance venography (MRV) and MRI revealed several abnormal findings: filling 
defects were observed in the superior sagittal sinus, inferior sagittal sinus, straight 
sinus, torcular herophili, bilateral sigmoid sinus, and transverse sinus (Figure 2), 
which enabled a diagnosis of multiple CVST.

MRV and MRI examination 2 wk later showed that the inferior sagittal sinus and 
straight sinus were significantly clearer than that before treatment, while the superior 
sagittal sinus, bilateral sigmoid sinus, and transverse sinus were slightly fuller than 
that before treatment (Figure 3).

FINAL DIAGNOSIS
Cerebral venous sinus thromboses.
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Table 1 Clinical phenotypes and coagulation test data of the patient and his daughter

Subjects Age Clinical phenotype AT activity, % Protein C, % Protein S, % LA1/LA2

Patient 50 1 episode 81.8 52.8 31.9 1.16

Daughter 27 No thrombotic events 90.1 104.6 56.4 -

At the time of testing, the patient had been taking warfarin for 1 wk. AT: Antithrombin; LA1/LA2: Preliminary screening/diagnosis of lupus.

Figure 1 Sequence map illustrating the SERPINC1 gene mutation in the patient (A) and his daughter (B). The heterozygous mutation site 
(rs2227589 polymorphism site) of c.41+141G>A is marked by the black arrow.

Figure 2 Brain magnetic resonance imaging at admission. A: Filling defects seen in the superior sagittal sinus, bilateral transverse sinuses, and sigmoid 
sinus, indicated by magnetic resonance venography (MRV) are shown by arrows; B: Blurred image of the inferior sagittal sinus and straight sinus, indicated by MRV 
are shown by arrows; C: Thrombosis of the superior sagittal sinus, indicated by magnetic resonance imaging is shown by the arrow.

TREATMENT
The treatment regimen included a subcutaneous injection of 4100U nadroparin 
calcium, q12h. The headache was relieved and relevant conditions were stable. After 3 
d, warfarin was administered orally for anticoagulation at a dose of 2.5 mg, q.d., with 
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Figure 3 Brain magnetic resonance imaging taken 2 wk after treatment. A: Bilateral superior sagittal sinuses, bilateral transverse sinus and sigmoid 
sinus enlarged with respect to Figure 1, indicated by magnetic resonance venography (MRV) are shown by arrows; B: Inferior sagittal sinus and straight sinus are 
significantly less occluded with respect to Figure 1, indicated by MRV as shown by the arrow; C: Thrombosis shadow seen in the superior sagittal sinus is reduced in 
size with respect to Figure 1, indicated by arrow.

the international normalized ratio (INR) maintained between 2.0 and 3.0.

OUTCOME AND FOLLOW-UP
MRV and MRI examination 2 wk later showed that the inferior sagittal sinus and 
straight sinus were significantly clearer than before treatment, while the superior 
sagittal sinus, bilateral sigmoid sinus, and transverse sinus were slightly fuller than 
before treatment.

DISCUSSION
Single nucleotide polymorphisms (SNPs) are the least complex mutations and are 
caused by the variation of a single nucleotide at the DNA level[13]. Although they 
usually have no effect on human health, they may affect the expression or stability of 
mRNA, resulting in medical impairment in 24% of cases when located at the 
transcription factor binding site or the non-translational region of the mRNA[7]. 
rs2227589 is an SNP site on introns near the AT gene SERPINC1 in Exon1. After 
evaluation of 19,682 SNP sites on 10887 genes in three controlled studies, Bezemer et al
[7] first proposed that the rs2227589 polymorphism in the SERPINC1 gene was 
associated with DVT formation (OR: 1.29, 95%CI: 1.10-1.49). In a study of a normal 
Spanish cohort, Anton et al[14] confirmed that in SERPINC1 rs2227589 mutation 
carriers, AT activity (94.6 ± 8.4%) and levels (94.8 ± 5.6%) were also slightly reduced, 
possibly explaining the functional effect of the rs2227589 polymorphism. The 
correlation between the rs2227589 polymorphism and VTE risk has been shown to 
vary between ethnic groups. On the other hand, a systematic analysis of multiple 
groups by Yue et al[15] showed that rs2227589 and VTE were significantly correlated 
in the additive (OR: 1.09, 95%CI: 1.08-1.18) and dominant (OR:1.10, 95%CI: 1.01-1.20) 
genetic models. Therefore, we conclude that a mutation at the SERPINC1 rs2227589 
site is a predisposing factor for CVST. The AT level was 81.8% (normal range: 75%-
125%) in this patient. Although the AT level fell within the normal range, a controlled 
study on a large number of VTE cases stratified by AT level showed that an AT level 
around the lower limit of its normal range (76%-85%) increases the risk of VTE by two-
fold[11]. We think that the increase in risk contributed to the patient’s CVST.

The latest European Academy of Neurology - European Stroke Organization guide 
for treatment of adult patients with CVST suggested that relevant patients without 
contraindications should be given anticoagulation treatment as soon as possible, with 
low molecular weight heparin given in the acute phase, and then warfarin 
administered orally for further anticoagulation according to an INR controlled within 
2.0-3.0. The duration of treatment depends on thrombophilia and the risk of its 
recurrence[16]. Based on the medical history and relevant examination results of this 
patient, we first adopted 3 d of treatment with Nadroparin calcium during hospital-
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ization, and then changed to oral warfarin for further anticoagulation. The dose was 
gradually increased, with the INR monitored and controlled between 2.0 and 3.0. A 
head MRI reexamination 2 wk later indicated partial thrombolysis and significant 
relief of headache symptoms. Therefore, the treatment was effective.

For the patient’s daughter, the AT level was 90.1%. Relevant studies have confirmed 
that the AT level is negatively correlated with age[17], and the risk for first-onset 
venous thrombosis may increase with a decrease in AT levels[10]. We speculate, 
therefore, that the asymptomatic condition of the patient’s daughter may be due to a 
relatively high AT level and low risk of VTE, and relatively old age expected for her 
first-onset VTE.

Prevention of VTE during pregnancy among women with genetic risk factors for 
thromboembolism is a challenge. The American College of Obstetricians and Gyneco-
logists (ACOG) guide (2018) indicates the likelihood of synergistic effects between 
homozygous FVL, compound heterozygous FVL and PT20210A, AT deficiency, and 
high estrogen status, which are high genetic risk factors for thrombophilia[18]. The 
patient’s daughter was a rs2227589 polymorphic site mutation carrier without serious 
AT defects at this stage. Considering that existing data on rs2227589 research are 
limited, we consider similar conditions to be low risk for hereditary thrombophilia. 
For these patients, with first-degree relatives who have a family history of VTE, the 
ACOG recommends only prenatal monitoring without anticoagulant therapy or 
prophylactic use of heparin and, after delivery, the use of anticoagulant therapy or 
moderate heparin dosage to prevent thrombosis. Estrogen-containing drugs may 
increase the risk of VTE[19]. We recommend the use of a condom for contraception for 
the patient’s daughter if necessary.

CONCLUSION
To sum up, most studies of rs2227589 polymorphisms have investigated the risk of 
VTE at common sites of VTE, but have not studied the risk of rs2227589 polymorphism 
for CVST due to the rarity of CVST at the more common VTE sites. We report a case of 
CVST case with a mutation of SERPINC1 at the rs2227589 polymorphic site, which did 
not exhibit significant AT deficiency. Therefore, further studies are needed to confirm 
the correlation between rs2227589 polymorphism and CVST, as well as ongoing 
exploration to identify new genetic risk factors related to CVST. In addition, the 
mutation of the rs2227589 special site only led to a slight decrease in AT level in this 
patient, suggesting that serious CVST can still occur even when the AT level is in the 
normal range. This report illustrates that when severe CVST occurs and common 
reasons for thrombosis are not identified, the possibility of rs2227589 polymorphism 
site variation should be considered if the AT level is slightly lower but still in the 
normal range.
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