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Abstract
Objectives
Anticoagulation therapy for cerebral venous sinus thrombosis
(CVST) with antithrombin (AT) deficiency due to SERPINC1 mu-
tation does not often yield the expected outcomes. Argatrobanmay be
effective for thrombophilia caused by SERPINC1mutation. However,
argatroban resistance deserves attention.

Methods
We report a case of a 19-year-old man who was admitted to the hospital with sudden headache,
nausea, vomiting, and eye swelling for 3 days. Brain MRI on admission showedmultifocal CVST.

Results
SERPINC1 mutation (exon1, c.40delA: [p.R14Gfs*17]) combined with hereditary AT de-
ficiency (AT activity was 50% [reference range: 80%–120%]) was detected in this patient. A
high dose of anticoagulation treatment with argatroban did not improve the activated partial
thromboplastin time (APTT) level to the target range (1.5–3 times over the initial baseline
level) for this case. We chose adjunctive anticoagulation (argatroban-combined low-molecular-
weight heparin), and the APTT gradually reached the target level. At 3-month follow-up, no
recurrence of headache or any systemic hemorrhage was found and the ultrasonography of the
optic nerve sheath showed normal. Magnetic resonance black blood thrombosis imaging
suggested thrombus absorption.

Discussion
Argatroban resistance may be associated with thrombin receptor saturation and deserves at-
tention. The use of adjunctive anticoagulants may be the optimum strategy during acute and
subacute phases of CVST with AT deficiency due to SERPINC1 mutation.

Antithrombin (AT) is one of the most essential serine protease inhibitors that play an anti-
coagulant role by inhibiting thrombin (factor IIa) and factor Xa. It is considered that the
anticoagulant effect of heparin or low-molecular-weight heparin (LMWH) cannot be activated
until AT is used as an adjunct (Figure 1). The SERPINC1 mutation can cause hereditary AT
deficiency, a rare autosomal dominant hereditary disease that could reduce both the quality
and quantity of AT. Meanwhile, it could also decrease the anticoagulant effect of LMWH.1-3

PRACTICAL IMPLICATIONS

Adjunctive anticoagulants may be suitable for
argatroban resistance in acute CVST patients
with AT deficiency due to SERPINC1 mutation.
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Once the coagulation cascade is disturbed by the lack of AT,
the risk of deep vein thrombosis (DVT) can increase a
hundredfold.4 Thrombin (factor IIa), which is critical during
the clotting process, has one active site and 2 external sites of
receptors for combining with AT (Figure 1). Argatroban, the
univalent direct thrombin inhibitor that inhibits the throm-
bin active site (Figure 1), is administered by intravenous
infusion and can promote immediate action and effectively
eliminate the hypercoagulable dilemma caused by AT de-
ficiency.5 Thus, it has been approved for the treatment of
acute cerebral thrombosis and anticoagulation of AT-
deficient patients with the advantage of shorter onset and
peak time than warfarin. Parameters for monitoring arga-
troban effectiveness include activated partial thromboplastin
time (APTT). However, we report a case without improving
the APTT level to a target range (1.5–3 times over the initial
baseline level) although receiving a high dose of argatroban.

Case Description
We report the case of a 19-year-old 85-kg young man who
was admitted to the hospital with sudden headache, nausea,
and vomiting for 3 days. He had a significant history of DVT
in the left lower limb a year earlier. He had taken dabigatran
for only 6 months after this. Brain magnetic resonance black
blood thrombosis imaging (MRBTI) on admission showed
multiple sinus thrombi, which indicated cerebral venous si-
nus thrombosis (CVST) (Figure 2, A–C). Ultrasonography
of the optic nerve sheath showed widening.

On admission, the D-dimer level was 7,276 μg/mL (reference
range: 0–24 μg/mL). The level of AT activity was 50% (refer-
ence range: 80%–120%). The level of factor VIII activity was
100.70% (reference range: 50%–150%). The lumbar puncture
showed an increased intracranial pressure of 330 mmH2O.
Family SERPINC1 gene analysis identified the frameshift muta-
tions in exon 1 (c.40delA: [p.R14Gfs*17]) in him and his father.

After admission, 8,000 IU LMWH (enoxaparin) was injected
subcutaneously every 12 hours to prevent thrombus expansion
and accelerate thrombolysis. His headache was not relieved. On
the sixth day after admission, we changed LMWH to arga-
troban. The baseline level of APTT was 37.4 seconds in this
patient (Figure 2K). During the first 5 days of argatroban ad-
ministration, although the rate of argatroban gradually in-
creased from a speed of 2.4 to 9 mg/h, it failed to achieve a
target range of APTT. The main complaint of headache was
still not significantly relieved. Thereafter, we chose combined
anticoagulation (pumping argatroban 5.6 mg/h and LMWH:
8,000–10,000 IU twice a day), and the APTT gradually reached
a target level. On the thirteenth day after admission, he received
endovascular treatment and several thrombi were removed
from the venous sinus (Figure 2, D and E). However, his
symptoms were not relieved after the thrombectomy. In select
refractory cases such as this one, owing to the dangerous course
of acute CVST, a dynamically observed thrombosis and ab-
sorption by serial imaging indicators were necessary. The
thrombi on recurrence appeared the same as those observed at
the beginning of admission on the first day after surgery
(Figure 2, F–H). Continuing the abovementioned enhanced

Figure 1 Effect of SERPINC1 Mutation on Thrombophilia and the Anticoagulant Mechanism of Argatroban

In the blood coagulation cascade,
thrombin is the major procoagulant
factor in the common pathway of
intrinsic and extrinsic pathways that
transform Fg (I) into fibrin. The SER-
PINC1 mutation can affect the ex-
pression of antithrombin, weakening
the inhibitory effect of antithrombin
on thrombin. LMWH, assisted by an-
tithrombin, mainly inhibits factor Xa
in the coagulation cascade, thereby
further inhibiting the activation of
thrombin. There are active and ex-
ternal sites of receptors in the
thrombin. Argatroban is a univalent
direct thrombin inhibitor that acts
primarily on the active site of the in-
ternal thrombin receptor. The phe-
nomenon of argatroban receptor
saturation occurred when the in-
travenous injection rate of arga-
troban reached 5.6 mg/h. X, factor X;
Xa, factor Xa; Va, factor Va; PF3,
platelet factor 3; II, factor II; IIa, factor
IIa; Fg(I), fibrinogen (factor I). LMWH=
low-molecular-weight heparin.
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anticoagulation, the headache was relieved and the thrombus
load significantly lessened on the twentieth day after admission.
After that, we changed the anticoagulant treatment to 15 mg of
rivaroxaban every 12 hours. On the 25th day after admission,
we added LMWH (8,000–10,000 IU twice for 1 day) and
warfarin combined with rivaroxaban to enhance the anticoag-
ulant therapy. His headache gradually resolved. After 5 days, his
international normalized ratio (INR) improved to the standard
level (between 2 and 3), and he discontinued LMWH and
rivaroxaban and was discharged with oral warfarin. The anti-
coagulation treatment process during hospitalization is shown
in Figure 2K.

At the 3-month follow-up, he had no recurrence of headache
or any systemic hemorrhage and the ultrasonography of the
optic nerve sheath showed normal. MRBTI suggested
thrombus absorption (Figure 2, I and J).

Discussion
We first identified argatroban resistance in the CVST patient
with SERPINC1mutation. Argatroban inhibits fibrin formation;
activation of coagulation factors V, VIII, and XIII; and protein C
and platelet aggregation without AT. The efficacy of argatroban

Figure 2 Cranial MRI and DSA Images and Anticoagulation Treatment During Hospitalization

(A–C) After admission, MRBTI revealed thrombosis in the left transverse sinus (A), left sigmoid sinus (B), and superior sagittal sinus (C). (D) Twelve days after
admission, DSA before surgery showed occlusion of the superior sagittal sinus and left transverse sinus. (E) DSA after surgery showed recanalization of the
posterior half part of the superior sagittal sinus and left transverse sinus. (F–H) Fifteen days after admission, MRBTI revealed that there was still a thrombus in
the left transverse sinus (F), left sigmoid sinus (G), and superior sagittal sinus (H). (I, J) At the 3-month follow-up, MRBTI suggested the thrombus in the left
transverse sinus (I), left sigmoid sinus, and superior sagittal sinus (J) were absorbed more obviously than before. (K) Coagulation indexes include APTT level,
INR, andAT activity. Thedosing of LMWHwas adjusted according to the patient’sweight and liver function. The LMWHusedwas enoxaparinwith 8,000–10,000
IU every 12 hours by hypodermic injection and argatroban (manufactured in Tianjin Pharmaceutical Research Institute; initiated with an intravenous drip of
60 and 20mg/d after 2 days) was used by intravenous infusion at a speed of 2.4–9mg/h. Oral rivaroxaban (15 mg) was administered twice a day, and 1 week
later, it was decreased to 15 mg every day. Oral warfarin (6 mg) was administered every day. APTT = activated partial thromboplastin time; DSA = digital
subtraction angiography; INR = international standard ratio; LMWH = low-molecular-weight heparin; MRBTI, magnetic resonance black blood thrombosis
image.
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is usually proportional to the dose. However, this patient
showed apparent resistance to therapy as the dose of argatroban
was gradually increased far above the recommended dose.

Argatroban resistance has been described in 2 case reports. One
is about a 59-year-old woman with basal cell carcinoma re-
section.6 The other is about a 68-year-old woman with critical
limb ischemia.7 Significantly elevated levels of factor VIII were
detected on admission in both cases; this may lead to in vitro
blunting of the APTT.8

The difference between the above 2 cases is that the level of
factor VIII in this patient was normal. The APTT did not
reach a target level until we started enhanced anticoagulation.
We considered that the saturation of the thrombin receptor
led to argatroban resistance.9 As argatroban was reversibly
bound to the thrombin receptor when the dosage of arga-
troban was reduced to some extent, APTT began to pro-
portionally prolong the dose. However, it was still not up to
the target at which argatroban only reversibly binds to the
thrombin active site, and the anticoagulant effect of single
drug therapy is limited.4 Thus, we added LMWH, which is an
antagonist of factor Xa and can enhance the anticoagulant
effect through a different mechanism from that of argatroban
(Figure 2). The coagulation status was eventually well-
balanced, and the symptoms of the patient were relieved.

Conclusion
Patients with SERPINC1 mutation-induced CVST have
more complicated pathologic mechanisms of thrombophilia.
The adjunctive anticoagulation strategy is necessary and may
be the optimal strategy during acute and subacute phases of
argatroban resistance.
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