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Abstract

Background and purpose: The present strategies regarding poststent management for cerebral venous sinus
stenosis (CVSS) are inconsistent. Herein, we compared the safety and efficacy of oral anticoagulants (OACs) plus single
antiplatelet therapy and dual antiplatelet therapy for CVSS poststenting.

Methods: A real-world observational study conducted from January 2009 through October 2019 enrolled patients
who were diagnosed with CVSS and received stenting. Patients were divided into two groups according to the
management they received poststenting. Group 1: OACs plus a single antiplatelet agent (clopidogrel 75 mg or aspirin
100mg) and Group 2: dual antiplatelet therapy (clopidogrel 75 mg plus aspirin 100 mg). The safety (such as major or
minor bleeding or venous thrombosis) and efficacy (the incidences of cerebral venous sinus restenosis, intrastent
thrombosis, or stent displacement) of the two groups were compared.

Results: There were a total of 110 eligible patients in the final analysis, including 79 females and 31 males with a
mean age of 43.42 4+ 13.23 years. No major bleeding or venous thrombosis occurred in either of the two groups. Two
minor bleeding events occurred in group 2 (one with subcutaneous bleeding points in both lower limbs, another
with submucosal bleeding in the mouth), whereas no bleeding events occurred in Group 1. In addition, at the 1-year
follow-up, one case of intraluminal restenosis and two cases of in-stent thrombi occurred in Group 2, while none
occurred in Group 1. Neither stenosis at stent-adjacent segments nor stent migration was detected in either group
during the 1-year following stent placement.

Conclusion: OACs plus single antiplatelet therapy and dual antiplatelet therapy alone are both safe and efficacious
management strategies after CVSS stent placement. The former may have more advantages than the latter for inhibit-
ing intrastent thrombosis. However, further research by larger, multicenter clinical trials is needed.
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irreversible neurological disabilities [1-3]. A number of
treatment strategies have been explored, such as weight
loss, cerebrospinal fluid secretion inhibitors, therapeutic
lumbar puncture, and cerebrospinal fluid shunts; how-
ever, none of these strategies can obtain satisfactory clini-
cal outcomes [5-7]. Despite this, there is now increasing
evidence that venous stenting can significantly alleviate
intracranial hypertension and eliminate clinical symp-
toms by rehabilitating venous outflow [8-10].

With the prevalence of stent placement for CVSS,
treatment poststenting has become an emerging clini-
cal topic, although no criteria about this issue have been
established at present. Few studies have reported that the
complication rate of dual antiplatelet therapy is lower
than that of single antiplatelet therapy for CVSS post-
stenting [9, 11]. Other studies used warfarin combined
with single antiplatelet therapy as the management strat-
egy for CVSS poststenting [10, 12, 13]. Herein, we aim to
compare the safety and efficacy between oral anticoagu-
lant (OAC) plus single antiplatelet therapy and dual anti-
platelet therapy on CVSS poststenting.

Methods

Study design and participants

The Ethics Committee and Institutional Review Board
approved this single-center real-world observational
study. Patients with CVSS who received stenting were
enrolled from January 2009 through October 2019.
After signing the informed consent forms, patients
were divided into two groups according to their post-
stenting management. Group 1 received either OACs
(dose-adjusted warfarin to maintain an international
normalized ratio [INR] between 2.0 and 3.0) or novel
oral anticoagulants (NOACs), which included dabigatran
110 mg/bid or rivaroxaban 15mg/qd. In addition, Group
1 received a single antiplatelet therapy consisting of
either clopidogrel 75 mg/qd. or aspirin 100 mg/qd. Group
2 received dual antiplatelet therapy consisting of 75mg
clopidogrel plus 100 mg aspirin.

Patients with cerebral venous thrombosis (CVT)
underwent anticoagulation prior to stenting and were
included in Group 1 (anticoagulant plus antiplatelet).
The choice of poststenting medication for other patients
depended on their background, specifically if they were
or were not hypercoagulable. Patients with hyperco-
agulable backgrounds entered the anticoagulant plus
antiplatelet group (Group 1), while patients without
hypercoagulable backgrounds were included in the dual
antiplatelet group (Group 2). There were no medication
restrictions for patients requiring certain drugs for their
chronic health conditions. The safety (including compli-
cations of major or minor bleeding or venous thrombo-
sis) and efficacy (the rates of CVSS restenosis, intrastent
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thrombosis, and stent displacement) of the two groups
were compared.

Inclusion criteria: 1) Age 18-80years; 2) CVSS con-
firmed by contrast-enhanced magnetic resonance venog-
raphy (CE-MRV)/computed tomography venous imaging
(CTV)/digital subtraction angiography (DSA); 3) Intra-
operative measured mean pressure gradient (MPGQG)
across the stenosis segment >8 mmHg; 4) Poor response
to routine medication control; 6) Signed the informed
consent form.

Exclusion criteria: 1) Intracranial mass occupation;
2) Allergy to contrast agent or inability to finish CVS
venography and stenting; 3) Patients with life-threaten-
ing diseases, such as severe cardiovascular or respiratory
disorders or malignancy; 4) Those with severe bleed-
ing events; 5) Patients unable to take oral medications
or allergies to direct oral anticoagulants or antiplatelet
agents; and 6) Incomplete clinical data.

Treatment

Patients with CVSS who matched the inclusion criteria
were enrolled. Individuals received low-molecular-weight
heparin subcutaneous injections as well as an intrave-
nous infusion of mannitol prior to stent placement.

Manometry and stent placement

Patients were placed in the supine position and received
routine skin disinfection in the bilateral groin and per-
ineal area. Sterile towel sheets were placed, and local
infiltration anesthesia was administered. After success-
ful puncture of the femoral vein, 5F arterial sheaths and
8F venous sheaths were placed, and systemic hepariniza-
tion was performed to finish diagnostic venography to
locate the segment of stenosis. Manometry was then per-
formed at both sites (distal and proximal) of the stenosed
segment, and the pressure gap between both sites was
obtained. Self-expanding Acculink stents were placed
when the mean pressure gradient (MPG) was >8 mmHg.
Angiogram was then performed to reconfirm that the
stenotic segment had been successfully corrected by the
stent. MPG was remeasured to compare with its baseline
to evaluate the effect poststenting.

Poststenting management

After excluding stent-related intracranial hemorrhage by
immediate dual-energy computed tomography poststent-
ing, all patients received a low molecular weight hepa-
rin (0.6ml, q12 h) subcutaneous injection and mannitol
(125ml/q6 h, intravenous infusion). Blood pressure, heart
rate, and oxygen saturation were monitored for 3 days.
Lumbar puncture opening pressure follow-up was per-
formed on day 3 of poststenting. Then, patients under-
went OAC plus single antiplatelet (clopidogrel 75mg or
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aspirin 100mg) or dual antiplatelet therapy (clopidogrel
75mg plus aspirin 100mg), which was continued for
12 months.

Follow-up

Outpatient follow-up included evaluation for clinical
symptoms, specific neuroimaging features, and stent-
related complications, such as bleeding and CVT events
during the 1-year poststenting.

Clinical assessment

1. Bleeding events Major bleeding: 1) life-threatening
bleeding in critical organs such as the brain, spinal cord,
ocular region, retroperitoneum, or pericardial sites; 2)
bleeding-related hemoglobin reduction was more than
20g per liter or needed to be immediately transfused
by two or more units of whole blood or red blood cells;
and 3) bleeding in situ in surgical sites, such as endovas-
cular therapy, which required further management and
resulted in prolonged hospitalization or delayed recov-
ery. Bleeding data were recorded from the initiation of
the stent operation until the fifth half-life after the last
dose of medication used. All patients received at least
one dose of the medication, and all bleeding events from
the intake of the first dose until 1year poststenting were
counted [14].

Minor bleeding: 1) did not affect vital signs and daily
life, 2) did not induce severe physical damage, 3) needed
medical care and decreased the dosage of anticoagu-
lant and/or antiplatelet agents, and 4) only transiently
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impacted the patients, such as small-scale skin bleeding,
bulbar conjunctival bleeding, or urethral bleeding [15].

2. Venous thrombosis 1) CVT occurrence or recur-
rence, 2) deep venous thrombosis (DVT), 3) pulmonary
artery embolism, 4) visceral venous thrombosis, and 5)
endo-stent thrombosis [16].

3. Intracranial pressure assessment The severity of optic
papillary edema was assessed according to the Frisen
optic papillary edema grade criteria [17]. Intracranial
pressure was defined as the lumbar puncture opening
pressure. The pressure difference gradient across the ste-
nosis segment was expressed by the MPG.

4. Neuroimaging evaluation 3.0T MRI maps were ana-
lyzed, including the sequences of axial T1IWI, T2WI,
DWI, FLAIR, ADC and CE-MRYV. DSA was used to con-
firm CVSS and to obtain MPG. Two experienced radiolo-
gists analyzed the above imaging data. Details are dis-
played in Fig. 1.

Statistical methodology

The Statistical Product and Service Solutions (SPSS) ver-
sion 21.0 program (IBM, Armonk, NY: IBM Corp) was
used for data analysis. The results were expressed as
counts and percentages for categorical variables, as the
mean =+ standard deviation for continuous variables, and
as the median (interquartile range) for discrete data. Fish-
er’s exact test was applied to evaluate differences in cate-
gorical variables, and Student’s ¢ test was used to evaluate
the differences in continuous variables. For data that did
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Fig. 1 Design of drug flow chart of CVSS before and after treatment: LMWH indicates low-molecular-weight heparin. Dual antiplatelet group:
clopidogrel 75 mg and aspirin 100 mg for 12 months. OACs group: aspirin 100 mg or clopidogrel 75 mg plus warfarin or NOACs for 12 months
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not meet the normal distribution, the Mann—Whitney U
test was applied. Two-sided p values< 0.05 were defined
as statistically significant for all tests.

Results

Baseline data

Demographic data are shown in Table 1. A total of 110
eligible patients finished the 1-year follow-up poststent-
ing: 52 patients were included in group 1, the oral anti-
coagulants plus antiplatelet group (female/male=39/13),
and 58 patients were included in group 2, the dual
antiplatelet group (female/male=40/18). Clinical
manifestations between the two groups showed no signif-
icant differences regarding age, sex, BMI, tinnitus, visual
decline, or papilledema; however, the ratio of headache
showed a significant difference (65.4% vs. 31%), p < 0.001.
Additionally, no statistical significance in comorbidities
such as cerebral venous sinus thrombosis (CVST), type-2
diabetes mellitus, hypertension, coronary heart dis-
ease, and venous sinus stenosis were found (all p>0.05).
Details are displayed in Table 1.

Comparison of CVSS prior to and poststenting

All symptoms mentioned above were significantly dimin-
ished or even resolved poststenting, with statistical

Table 1 Baseline data in patients with CVSS post-stenting

Items OACs plus Dual p-value
antiplatelet antiplatelet
(n=52) (n=58)
Demographic data
Age 4469+£12.89 4138+1369 074
Gender (female/male) 39/13 40/18 0.48
Mean BMI (kg/mz) 2620+4.18 26.61+£398 0.79
Clinical manifestations
Headache 34 (65.4%) 18 (31%) < 0.001
Tinnitus 18 (34.6%) 11 (19%) 0.06
Visual decline 31 (59.6%) 36 (62.1%) 0.79
Papilledema 34 (65.4%) 46 (79.3%) 0.12
Comorbidities
CVST 6 (11.5%) 3(5.2%) 022
Type 2 diabetes mellitus 3 (5.8%) 2 (3.4%) 0.56
Hypertension 19 (36.5%) 13 (22.4%) 0.10
Hyperlipemia 6 (11.5%) 4 (6.9%) 0.40
Coronary heart disease 2 (3.8%) 3(5.2%) 0.74
Side of CVSS
TS 23 (44.2%) 29 (50%) 0.55
Superior sagittal sinus 2 (3.8%) 1(1.7%) 0.46
Straight sinus 1(1.9%) 1(1.7%) 0.94
TS-SS boundary stenosis 32 (61.5%) 35 (60.3%) 0.90

Abbreviations: CVSS Cerebral venous-sinus stenosis, CVST Cerebral venous sinus
thrombosis, TS Transverse sinus, SS sigmoid sinus
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significance when compared to their baseline (p < 0.001).
When comparing pre- vs. poststenting, Frisen scores
were 3 (3—4): 2 (1-2), p< 0.001; lumbar puncture opening
pressures were 293.44 £ 63.19 mmH,O vs. 183.891+26.78
mmH,0, p< 0.001; and MPG was 8 (8.0-13.0) mmHg vs.
0.0 (0.0-0.0) mmHg, p< 0.001 (Table 2).

OACs plus single antiplatelet therapy vs. dual antiplatelet
therapy poststenting
The outcomes of all 110 patients were compared, includ-
ing 52 patients in the OAC plus antiplatelet group and
58 patients in the dual antiplatelet group (Table 3). Eight
patients in the dual antiplatelet group were rejected (6
patients withdrew midway, and 2 patients had incomplete
follow-up data), and 4 patients in the OAC group were
rejected (the INR in 2 patients who underwent warfarin
could not be maintained between 2 and 3, and 2 patients
withdrew midway).

Two minor bleeding events occurred in the dual anti-
platelet group, one case with gum bleeding and another

Table 2 Characteristics of patients with CVSS prior to and post-
stenting

Items Pre-stenting Post-stenting  p-value

Symptoms
Headache, n (%) 58(47.5) 4(3.3) < 0.001
Tinnitus, n (%) 31(254) 2(1.6) < 0.001
Visual decline 72 (59.0) 10 (8.2) < 0.001
Papilledema, n (%) 85 (69.7) 49 (40.2) < 0.001
FPG 3(3-4) 2(1-2) < 0.001
ICP (mm water column)  29344+63.19 183.89+26.78 < 0.001
MPG (mmHg) 8(8.0-13.0) 0.0 (0.0-0.0) < 0.001

Abbreviations: CVSS Cerebral venous-sinus stenosis, FPG Frisén papilledema
grade, ICP Intracranial pressure, MPG Mean pressure gradient

Table 3 One-year outcomes of the patients with CVSS post-
stenting after underwent OACs plus antiplatelet or dual
antiplatelet

Items OACs plus Dual p-value
antiplatelet antiplatelet
(n=52) (n=58)
Major bleeding events, n (%) 0 (0.0) 0(0.0) NA
Minor bleeding events, n (%) 0 (0.0) 2(34) 0497
VTEs, n (%) 0(0.0) 0(0.0) NA
Intraluminal restenosis 0(0.0) 101.7) 1.000
In-stent thrombosis 0(0.0) 2(34) 0.497
Stent-adjacent stenosis 0(0.0) 0(0.0) NA
Stent displacement 0(0.0) 0(0.0) NA

Abbreviations: OACs direct oral anticoagulants, VTEs venous thrombotic events;
Data were presented as n (%), mean =+ SD or median (interquartile range). NA
Not applicable
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with submucosal bleeding, while none were found in the
OAC plus antiplatelet group. Neither major bleeding nor
venous thrombotic events occurred in the two groups
during the one-year follow-up poststenting. One case of
intraluminal restenosis and 2 cases of in-stent thrombo-
sis were present in the dual antiplatelet group; however,
neither of them occurred in the OAC plus antiplatelet
group. In addition, no stent-adjacent segment stenosis or
stent migration was detected in the two groups (p >0.05).

Subgroup analysis in the OAC plus antiplatelet group:
The patients who received novel oral anticoagulants
(19 cases of dabigatran and 11 cases of rivaroxaban)
compared to warfarin (Table 4) had no major bleeding,
minor bleeding, venous thrombosis, intrastent throm-
bosis, stent-adjacent stenosis, or stent-displacement (all
p>0.05).

Discussion

Treatment after stent placement to correct CVSS-induced
severe intracranial hypertension is an important step
CVSS mainly involves the transverse sinus and the junc-
tion of the transverse sinus and sigmoid sinus, resulting
in severe intracranial hypertension (ICP). Our results
are consistent with other studies that demonstrated that
stenting is an effective method for CVSS-induced severe
intracranial hypertension correction [9, 18]. Although
the MPG decreased poststenting, cerebral venous blood
flow was restored, and the ICP was corrected immedi-
ately poststent management, which is still important for
long-term favorable outcomes, and adequate treatment
strategies are urgently needed [11, 19, 20].

OACs plus antiplatelet therapy may be better than dual
antiplatelet therapy for poststenting

There are no current guidelines about CVSS poststent-
ing management. Some studies opted for aspirin plus
clopidogrel 3—5days prior to and 3—6 months poststent-
ing, referring to the management in arterial disease [21—
23]. One study used only clopidogrel as a poststenting
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treatment agent, and another three studies used oral
warfarin for 8 weeks followed by a substitution to aspirin
for 6 months or longer [10, 12, 13, 24]. There were several
adverse events, such as in-stent thrombosis, in the studies
using dual antiplatelet therapy for 3—6 months poststent-
ing [21-23]. However, emulating the same treatment of
arterial diseases may not be suitable because the venous
internal environment differs when comparing atheroscle-
rotic plaques in the vessel wall, blood components, and
fit of the stent to the vessel wall [25]. Teleb et al. sum-
marized 19 studies and noted that 2 out of 207 patients
developed intrastent thrombosis. Fortunately, these
patients achieved complete revascularization with ade-
quate anticoagulation [26]. Our previous study revealed
that the majority of patients with CVSS had a history
of hypercoagulability, immune inflammation, throm-
bophilia, or thrombosis [27]. Although stenting could
correct the local stenosis immediately, it could not cor-
rect their systemic thrombophilia. Moreover, based on
follow-up using magnetic resonance venous thrombosis
black blood imaging studies, long-term anticoagulation
might be needed in CVSS poststenting [1-3]. Therefore,
in this study, the duration of poststenting medical treat-
ment was 1year.

Previous studies have suggested that BMI is closely
associated with idiopathic intracranial hypertension and
may be a predictor of CVSS-related intracranial hyper-
tension [4, 8, 28]. This conclusion was also found in our
study, with a high proportion of overweight women
in both groups. Cerebral venous outflow retardation
induced by increased BMI is also a factor for considera-
tion, as it also differs from arterial poststenting.

On the other hand, as a foreign body, the stent could
provoke platelet overactivation, making antiplatelet
agents necessary for prevention. Furthermore, it is well
known that venous thrombosis differs from arterial
thrombosis: arterial thrombi are platelet-rich and gather
around ruptured atherosclerotic plaques and endothe-
lial damage, while venous thrombi are mainly comprised

Table 4 One-year outcomes of the patients with CVSS post-stenting after underwent single antiplatelet plus NOACs or warfarin

Items NOACs (n =30) Warfarin (n =22) p-value
Major bleeding events, n (%) 0(0.0) 0(0.0) NA
Non-major bleeding events, n (%) 0(0.0) 0(0.0) NA
VTEs, n (%) 0(0.0) 0(0.0) NA
Intraluminal restenosis 0(0.0) 0(0.0) NA
In-stent thrombosis 0(0.0) 0 (0.0) NA
Stent-adjacent stenosis 0(0.0) 0(0.0) NA
Stent displacement 0(0.0) 0(0.0) NA

Abbreviations: NOACs Novel Oral Anticoagulants, VTEs venous thrombotic events; Data are presented as n (%), mean = SD or median (interquartile range). NA Not

applicable
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of abundant fibrin, red blood cells, and a limited num-
ber of activated platelets [29]. Knowing this, antiplatelet
therapy alone, as a strategy for venous thrombosis pre-
vention poststenting, may not be enough. This informa-
tion regarding the different pathological mechanisms of
venous versus arterial thrombosis suggests that man-
agement for CVSS poststenting might differ from that
for cerebral arterial poststenting management. Notably,
this study suggests a lower rate of complications, espe-
cially restenosis, in both groups, which we speculate may
be related to good patient compliance and an adequate
course of treatment. However, more evidence is still
needed for a more appropriate duration of treatment.

In this study, we compared the safety and efficacy of
OAGCs plus single antiplatelet therapy with dual anti-
platelet therapy and found that although there was no
statistical significance between the two groups regarding
bleeding events, venous thrombosis, intrastent throm-
bosis and other complications poststenting, there were
still 2 cases of mild bleeding events, 1 case of intralu-
minal restenosis, and 2 cases of intrastent thrombosis
in the dual antiplatelet group compared to none in the
OAC plus antiplatelet group. Since there were no adverse
events in the OAC plus single antiplatelet therapy group,
OACs plus single antiplatelet therapy may have more
promising effects; however, more evidence from a larger
sample size is warranted to support this.

Safety and efficacy of NOACs versus warfarin on CVSS
poststenting
Warfarin is a commonly used anticoagulant agent. How-
ever, the genetic heterogeneity of its individual pharma-
cokinetic response, interaction with numerous foods
and drugs, and requirement of regularly monitoring the
international normalized ratio (INR) limit its use in the
clinical setting. NOACs could specifically block certain
coagulation factors (such as dabigatran for thrombin or
rivaroxaban for factor Xa), thereby inhibiting the con-
version of fibrinogen to fibrin, and have been proven to
be as efficacious as warfarin for anticoagulation in some
cardiac diseases, such as atrial fibrillation [30, 31]. A
meta-analysis revealed that dabigatran was as efficacious
as warfarin for preventing ischemic strokes in patients
with nonvalvular atrial fibrillation and was associated
with a lower risk of intracranial hemorrhage; however,
it might promote gastrointestinal bleeding, especially
in elderly individuals [32]. However, in this study, the
majority of patients were young and middle-aged (mean
age 43.42+13.23 years), and no gastrointestinal bleeding
events were observed.

A multicenter randomized controlled study compared
the safety and efficacy of dabigatran and warfarin in pre-
venting venous thrombotic events in patients with CVT
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and found that both dabigatran and warfarin were asso-
ciated with lower risks of CVT recurrence and bleed-
ing [16]. Consistent with previous studies, no bleeding
events, venous thrombotic events, or stent-related com-
plications were found in either the NOACs or warfarin
groups, which suggested that NOACs may be as effi-
cacious as warfarin for CVT control. The benefits of
NOACs and the development of effective antagonists
in recent years have led clinicians to favor NOACs [33,
34]. Given that NOACs do not require frequent moni-
toring of coagulation markers, this also improves patient
compliance. Moreover, antagonists for adverse bleeding
events are already available. The new oral anticoagulants
may be more favored by clinicians and patients in clinical
settings. However, multicenter, randomized clinical trials
are still needed to provide more robust evidence.

Limitations

First, this was only a single-center study. Multicenter
studies with a large number of cases are still needed to
further validate the conclusions. Second, the incidences
of complications in CVSS poststenting were low in both
groups, which might affect the assessment comparing
OAGC:s plus antiplatelet therapy and dual antiplatelet ther-
apy. Another limitation in our study involved the choice
to place patients with a higher risk of hypercoagulabil-
ity in Group 1, thus making our two groups nonhomo-
geneous. In addition, we did not use genetic analysis for
platelet drug resistance and could not assess whether it
influenced the results. Our small sample size also failed to
compare the differences among various NOACs. Another
limitation was that the number of adverse events of stent-
ing did not reach statistical significance. Finally, although
the findings in this study provide a new reference for
CVSS poststenting, long-term follow-up is still needed.

Conclusion

Both OAC:s plus single antiplatelet therapy and dual anti-
platelet therapy may be safe and efficacious for CVSS
poststenting management. The former may have advan-
tages compared to the latter for inhibiting intrastent
thrombosis. However, further larger-scale studies are
required to support these results.

Abbreviations
CVSS:: Cerebral venous sinus stenosis; OACs: Oral anticoagulants; CVT: Cerebral
venous thrombosis.
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