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Abstract. Cerebral venous sinus thrombosis (CVST) is a rare
disease associated with high disability and mortality rates. A
subset of patients do not respond to standard anticoagulation
therapy, leading to the progression of CVST with hemorrhagic
stroke, which represents a major challenge for its treatment.
Severe hemorrhagic (SH)-CVST is life-threatening due to large
hematoma, edema and/or cerebral hernia. Anticoagulation or
thrombolytic therapy alone may lead to further aggravation
of the hematoma. Stent retriever thrombectomy combined
with long-term local thrombolysis (SRT-LLT) has been used
in certain centers for those refractory cases or patients with
new intracranial hemorrhage. However, to date, no studies
on SRT-LLT treatment specifically for SH-CVST have been
performed. The aim of the present retrospective study was
to specifically evaluate the effectiveness of SRT-LLT in
SH-CVST. Between December 2013 and November 2018,
SRT-LLT was performed at our center in 8 patients with
hemorrhagic CVST who did not respond to intravenous
anticoagulation. The clinical characteristics, results of the
radiological evaluation, details on the surgical procedure and
clinical outcomes were assessed. The patients were admin-
istered systemic intravenous anticoagulation as the initial
treatment following admission. SRT-LLT was performed
when their condition deteriorated with a high risk of a fatal
outcome within a short time period. SRT-LLT was performed
in 8 patients, with successful recanalization confirmed by
angiography. In 4 of the patients, complete recanalization
was achieved, whereas in the remaining 4, recanalization
was partial. There were no intraoperative complications. Two
patients developed rebleeding after surgery, but they all gradu-
ally recovered. There were no treatment-associated fatalities.
Therefore, SRT-LLT appears to be a feasible, safe and effective
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option for SH-CVST and it may be used as rescue therapy for
carefully selected patients with SH-CVST.

Introduction

Cerebral venous sinus thrombosis (CVST) is a rare cause
of stroke with various neurological symptoms, accounting
for ~1% of strokes (1). The incidence of CVST is usually
underestimated, as its clinical presentation is non-specific,
including headache, hemiparalysis, aphasia, seizures and
even coma (2). Imaging is crucial for detecting CVST and
associated complications accurately, which may affect the
prognosis and the therapeutic approach (3,4). Regarding the
management of CVST, anticoagulation therapy is generally
considered as the standard treatment. The majority of the
cases have a good prognosis with standard therapy, but there
is a subgroup of patients with CVST who deteriorate rapidly
within a short period of time, with a potentially fatal outcome.
It is necessary to detect the signs of CVST early, administer
standard therapy and adjust the therapy in a timely manner.
Severe clinical manifestation, an age of >65 years, intracranial
hemorrhage (ICH), underlying malignancy and deep CVST
are associated with higher mortality rates (5). Certain cases
of large and extensive CVST are refractory to standard antico-
agulation therapy and develop venous obstructive congestive
ICH (6). Endovascular intra-arterial application of thrombo-
lytic agents and/or mechanical thrombectomy for refractory
cases or patients with new ICH on anticoagulation have been
described over the last two decades (7). An increasing number
of studies support individualized treatment for such cases
with severe CVST, including endovascular thrombectomy and
thrombolysis, particularly for hemorrhagic thrombosis (8,9).
Local contact thrombolytic therapy may effectively recanalize
the thrombosed cortical veins (10). Severe hemorrhagic CVST
(SH-CVST) may rapidly lead to enlargement of the hematoma,
severe cerebral edema and hernia, which endanger the lives
of the patients. Thrombi in the sinuses in SH-CVST must
be removed as soon as possible, as they are life-threatening.
Anticoagulation or thrombolytic therapy alone may lead to
further aggravation of the hematoma in those SH-CVST cases.
Stent retriever thrombectomy combined with long-term local
thrombolysis (SRT-LLT) has been used in certain centers for
those refractory cases or patients with new intracranial hemor-
rhage (11-13). However, to date, no studies have reported on
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SRT-LLT treatment specifically for SH-CVST. The aim of
the present retrospective study was to specifically evaluate
the effectiveness of SRT-LLT in SH-CVST. The present study
retrospectively analyzed 10 patients with SH-CVST treated at
the Qilu Hospital of Shandong University, who were initially
administered anticoagulant alone. Of those cases, 8 received
SRT combined with LLT when the symptoms deteriorated
further. The aim of the present study was to determine whether
individualized treatment with SRT-LLT may be a potential
effective and safe approach for SH-CVST.

Materials and methods

Patients. The protocol of the present study was approved
by the Ethics Committee of Qilu Hospital Affiliated to
Shandong University (Qingdao, China). Patients or autho-
rized relatives were informed on the risks and benefits of the
operation and provided written informed consent, including
consent for the publication of CT and digital subtraction
angiography (DSA) images. A total of 29 patients with
CVST (17 females and 12 males) were encountered at our
center (Qilu Hospital of Shandong University, Qingdao,
China) between December 2013 and November 2018,
confirmed by magnetic resonance venography or DSA. Of
these 29 patients, 10 had hemorrhagic CVST. Their clinical
characteristics were recorded and analyzed, including age,
sex, presentation, risk factors, Glasgow Coma Scale (GCS)
score, location of ICH, affected venous sinus, recanaliza-
tion status, outcome and complications. Systemic heparin
or low-molecular-weight heparin (LMWH) subcutaneous
injection was the first-line treatment for all patients after
admission. LMWH sodium injection (Qilu Pharmaceutical)
was usually administered at 100 IU/kg ql2h. The heparin
was given via intravenous injection according to the acti-
vated clotting time (ACT) if the patient had already received
heparin injection at another hospital or if there was a low
risk of rebleeding. SRT-LLT was performed on patients
when presenting with the following: i) Failure of first-line
anticoagulation; ii) rapid deterioration of consciousness or
neurological impairment; and iii) significant cortical venous
outflow stasis (arterio-venous circulation time >11 sec;
venous phase >5 sec) (14). In the present study, 8 patients
received endovascular SRT-LLT therapy.

Procedure. Interventional therapy was performed under
general anesthesia. A 6-Fr and a 5-Fr introducer sheath were
placed in the right femoral vein and left femoral artery, respec-
tively. A 5-Fr catheter was placed in the left internal carotid
artery. DSA revealed the CVST. Arteriovenous outflow of the
cerebral circulation was detected. A 6-Fr guiding catheter was
introduced into the right or left jugular bulb through the femoral
vein route. Through the guiding catheter, a microcatheter was
navigated into the proximal segment of the thrombosis sinus
with a 0.0014-in. microwire. Subsequently, the Solitaire stent
was deployed in the distal part of the thrombosed sinus and the
stent was retracted after 10 min. The manual aspiration was
performed with a 50-ml syringe, avoiding the clot of thrombus
dropping through the guiding catheter during the retraction.
The retraction was repeated up to 3 times. Long-term local
thrombolysis was performed following thrombectomy in order

to open the venous sinus and thrombosed cortical veins as
much as possible to avoid further deterioration.

The 5-Fr catheter and left arterial sheath were removed.
After placing an exchange microwire in the distal part of the
thrombosed sinus, the catheters and introducer sheath were
removed. Subsequently, the microcatheter was again passed
through the sinus. An infusion pump was connected to the
microcatheter. Urokinase (UK; 40,000 U/h) was infused for
SRT-LLT. The microcatheter was fixed to the skin. After
the procedure, the patient was returned to the Intensive Care
Unit and was monitored according to the CVST observation
protocol, including vital signs, GCS score and hemorrhage
or thrombosis at the puncture sites. CT review was usually
performed the next day after surgery, unless the condition
changed. The duration of thrombolysis was no more than
7 days and was adjusted according to the improvement of the
patient's condition to reduce the risk of thrombosis around the
microcatheter. Oral anticoagulation treatment was adminis-
tered after discontinuing local thrombolysis. Over the next
3-12 months, warfarin was orally administered. The dose of
warfarin was adjusted according to the monitoring results of
the international normalized ratio every 3 days.

Statistical analysis. The GCS scores at discharge were
compared with those on admission by the paired t-test using
SPSS v23 (IBM Corp.).

Results

Baseline characteristics. The mean age of the patients was
39 years (range, 23-65 years). A total of 4 patients (50.0%)
were females and 4 (50.0%) were males. A total of 5 patients
(62.5%) presented with acute onset (within 7 days), 1 patient
(12.5%) presented with subacute onset (7-14 days) and the
remaining 2 patients (25.0%) with chronic onset (>14 days).
Risk factors of CVST were reported by 7 patients (87.5%),
including puerperium in 2 patients (25.0%), diarrhea prior to
onset in 2 (25.0%), dehydration after strenuous physical activity
in 1 (12.5%), infection of the facial ‘dangerous triangle’ area
in 1 (12.5%) and coagulopathy of eosinophilia in 1 patient
(12.5%). No identifiable risk factor was detected in 1 patient
(12.5%). The symptoms at onset included headache, seizures,
nausea, emesis, dizziness, papilledema, unconsciousness and
hemiparalysis. CT scan in all patients revealed intracranial
hemorrhage, including lobe hematoma in 4 patients (50.0%),
subarachnoid hemorrhage in 1 patient (12.5%), multiple hemor-
rhages in 1 patient (12.5%), subdural hematoma in 1 patient
(12.5%), and basilar ganglion and thalamus hemorrhage in
1 patient (12.5%). The median GCS score was 7 (interquartile
range, 3-10) at the time of the intervention. Sinus thrombosis
was detected in the transverse sinus (TS) in 5 of 8 (62.5%)
cases, superior sagittal sinus (SSS) in 7 (87.5%), sigmoid sinus
(SigS) in 5 (62.5%) and straight sinus (SS) in 2 (25.0%) cases.
In 7 (87.5%) cases, >2 sinuses were involved. The clinical
characteristics of the patients are summarized in Table I.

The initial treatment for SH-CVST with anticoagulation
included administration of heparin (3/8; 37.5%) or LMWH
(5/8; 62.5%). Furthermore, 1 patient underwent immediate
craniotomy for hematoma removal and decompression in
another hospital due to severe cerebral hemorrhage and
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Figure 1. (A) A 23-year-old male patient presented obvious with severe headache. CT scan revealed suspected subarachnoid hemorrhage. (B) When he was
transferred to our hospital, repeated CT scan revealed edema in the right thalamus area. (C) Repeated CT scan indicated a hematoma in the right thalamus with
significant edema in the bilateral thalami and brain stem 24 h after admission. (D) DSA examination did not identify any abnormalities including aneurysm,
but the presence of a thrombus in the SS was later confirmed. (E) A microcatheter was navigated and placed in the anterior portion of the SS. (F and G) DSA
image showing partial recanalization of the occluded SS. (F) Subtraction image; (G) Mask image. (H and I) DSA re-evaluation revealed complete recanaliza-
tion of the SS at the 1-month follow-up. CT, computed tomography; DSA, digital subtraction angiography; SS, straight sinus.

hernia. All 8 patients deteriorated or did not improve following
administration of first-line anticoagulation treatment.

Endovascular SRT-LLT was performed in these cases, with
successful recanalization of the occluded sinus achieved in all
8 patients; in 4 patients (37.5%), recanalization was complete
immediately after surgery, whereas the remaining 4 patients
with partial recanalization achieved complete recanalization
during the follow-up evaluation 3-6 months later.

No procedural associated complications were observed in
these cases. ICH expanded in 2 patients (25.0%), detected on
post-interventional CT 7 h post-intervention. Decompressive
hemicraniectomy was performed to relieve the increased
intracranial pressure in 1 patient. At the time of discharge, the
patient had markedly improved with moderate neurological
restriction [modified Ranking scale (mRS) score, 2], without
any worsening at 6 months after discharge. In another patient
with enlarged hemorrhage, no increased edema or intraven-
tricular extension occurred. The patient did not require further
evacuation of the hematoma or decompressive hemicrani-
ectomy, with moderate neurological restriction (mRS 2) at
discharge and recovery 4 months post-discharge. Recurrence
was defined as the presence of clinical and radiological
evidence of re-thrombosis during follow-up after complete
or partial recanalization. There was no recurrence of CVST
in the present cohort. All patients significantly improved or

were cured at discharge, and the GCS scores at discharge
had significantly improved compared with those on admis-
sion. Most patients resumed their normal activities and none
deteriorated or died during a follow-up period of 6 months to
3 years after discharge.

Representative cases

Case one. A 23-year-old right-handed male patient developed
diarrhea after intense exercise and presented with severe
headache on the following day. Scanning images of the
case are provided in Fig. 1. At the local hospital, the patient
was suspected to have subarachnoid hemorrhage based on
non-contrast CT scans, which was later confirmed as CVST
(Fig. 1A). The patient was subjected to DSA and no aneurysms
or other abnormalities were identified; however, a later review
confirmed the presence of a thrombus in the straight sinus
(Fig. 1D). At 3 h after DSA examination, the patient's condi-
tion worsened and his consciousness was impaired, and he
was transferred to our hospital within 2 h. On admission, the
patient was in a coma with a GCS score of 6 (EIVIM4) and
had anisocoria with a 5-mm pupil and reactivity to light on
the right side. He underwent another CT scan, which indicated
edema in the right thalamus area and indirect signs of CVST
(Fig. 1B). Straight sinus thrombosis was confirmed by CT and
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Figure 2. (A) A 47-year-old male patient presented with headache and worsened in the next day. CT scan revealed right temporal lobe hemorrhage. (B) Repeat
CT scan revealed increased hematoma and cerebral herniation 4 h after first CT scan. (C) Repeat CT scan revealed re-bleeding after craniotomy. (D and E) The
(D) positive and (E) lateral DSA sinus phase image of the right side demonstrated extensive severe CVST. (F) Stent retriever thrombectomy was performed.
The arrow indicates the solitaire FR stent deployed in the occluded SSS. The arrowhead indicates the clots that were removed. (G and H) DSA revealed
partial recanalization of the occluded sinus. (I) CT scan revealed absorption of the hematoma and a decrease of the edema on the 6th day after the operation.
(J and K) DSA revealed complete recanalization of the SSS with normal arteriovenous blood flow in the left TS, but with partial occlusion of the right TS and
sigmoid sinus at the 4-month follow-up. (L) The 4-month follow-up CT scan was normal, apart from the cranioplasty. CT, computed tomography; DSA, digital
subtraction angiography; CVST, central venous sinus thrombosis; SSS, superior sagittal sinus; TS, transverse sinus.

DSA (Fig. 1B and D). The patient was administered LMWH as
a subcutaneous injection and further supportive medications;
24 h later, however, he progressively deteriorated and the GCS
score decreased to 3 (EIVIMI). On repeated CT scans, the
patient had hematoma in the right thalamus, with significant
edema in the bilateral thalami and brain stem (Fig. 1C). The
patient then received intervention therapy.

A 6-Fr guiding catheter was introduced into the right
internal jugular vein. The microcatheter (Rebar 27) was
then inserted into the distal part of the thrombosed SS
(Fig. 1E). Next, a 6x30-mm Solitaire FR stent was deployed
in the thrombosed segment and the stent was retracted into the
sheath 10 min later; however, the sinus was not recanalized.
The retraction was repeated three times and 300,000 IU of UK
were injected for total thrombolysis. On DSA, partial recanali-
zation of the thrombosed SS was achieved (Fig. 1F). Over the
exchange wire, the Rebar 27 microcatheter was redelivered to
the very distal part of the SS with a 300-cm exchange wire.

The infusion pump was then connected to the microcatheter.
UK (40,000 IU/h) was infused by the pump for SRT-LLT. On
the second day after the operation, the patient's state improved
and he was able to follow the doctor's instructions. The patient
improved significantly every day over the following days. He
was fully conscious and his physical activity was good on the
7th postoperative day, with a GCS score of 15. Thrombolysis
via the microcatheter was stopped and oral anticoagulant
therapy was continued. At the 1-month follow-up, the patient
had recovered completely (Fig. 1I) and DSA re-evaluation
revealed complete recanalization of the SS (Fig. 1G and H).

Case two. A 47-year-old right-handed man presented with a
headache after 14 h of driving, which worsened the next day.
The head CT examination performed at the local hospital
revealed hemorrhage in the right temporal lobe (Fig. 2A). The
patient was unconscious with anisocoria in 4 h and the repeat
CT revealed an increase in the size of the hematoma, with
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midline shift and cerebral herniation (Fig. 2B). The patient
underwent craniotomy for hematoma removal and decom-
pression. However, his condition deteriorated and the repeat
CT scan revealed re-bleeding after surgery (Fig. 2C). The
patient was transferred to our hospital with a GCS score of 7
(E1V2M4). The CT image was carefully reviewed and CVST
was confirmed as the cause of the hemorrhage. The patient
was administered anticoagulants and other supportive medi-
cations. However, the treatment was unsuccessful and the
GCS score decreased to 4 (E1VIM2). The patient received
intervention therapy. DSA revealed extensive severe CVST,
involving the SSS, bilateral TS, right SigS and right internal
jugular (Fig. 2D and E). A 6-Fr guiding catheter was used,
but any attempts to pass it through the occluded right internal
jugular vein were unsuccessful. Therefore, navigation into the
left side was pursued. A microcatheter (Rebar 27) was placed
to reach the distal part of the SSS. The Solitaire FR stent was
deployed and subsequently retracted 10 min later (Fig. 2F;
arrow). Several of the clots were successfully removed
(Fig. 2F; arrowhead). Angiography revealed that the occluded
sinus was partially recanalized with residual thromboses and
the arteriovenous transit time was shortened (Fig. 2G and H).
The patient received the same procedure as the previous
case. UK (40,000 IU/h) was infused for SRT-LLT. The repeat
CT revealed absorption of the hematoma and decrease of
the edema on the 6th day after the operation (Fig. 2I). The
thrombolysis was discontinued and the patient recovered with
a GCS score of 15. He was discharged with fully restored
consciousness and no neurological dysfunction 14 days later.

At the 4-month follow-up, the patient's neurological func-
tion was normal. The findings on the CT scan were normal,
except for the cranioplasty (Fig. 2L). The DSA revealed
complete recanalization of the SSS, with normal arteriove-
nous blood flow in the TS on the left side but partial occlusion
on the right side (Fig. 2J and K). He was prescribed oral
anticoagulants for 1 year.

Discussion

CVST is arare disease with a potentially fatal outcome. During
recent decades, its incidence has markedly increased, which may
be attributed to advances in imaging techniques (15). However,
CVST may not be timely diagnosed, as its clinical presentations
are atypical and non-specific (2). Non-contrast CT scan is only
able to reveal indirect signs of CVST and has low sensitivity and
specificity (16). A number of the patients in the present study were
not accurately diagnosed with CVST at their primary hospital;
they were initially misdiagnosed, e.g. with postpartum reaction,
fatigue or simple diarrhea, which led to rapid aggravation of the
symptoms, ICH and life-threatening complications due to the
absence of specific treatment. The timely and correct treatment
for SH-CVST remains controversial. Systemically administered
anticoagulation with heparin (unfractionated or LMWH) is the
standard first-line treatment for CVST, even in patients with an
ICH at baseline (17). However, a subset of patients are refractory
to standard anticoagulation therapy, leading to complications,
including ischemic and hemorrhagic stroke, cerebral edema
and even death (3). Viegas et al (18) reported that 88% of
patients with CVT recovered following systemic thrombolysis,
but 2 patients died due to intracranial hemorrhage. Systemic

thrombolytic therapy, particularly high-dose thrombolysis, still
poses a risk of inducing bleeding. Gala et al (19) recommend
thrombolytic therapy after failure of anticoagulant therapy,
followed by interventional thrombectomy therapy if the throm-
bolysis treatment was unsuccessful. Guo et al (20) reported that
73% of patients with CVST had a good outcome of intrasinus
thrombolytic treatment. The present study included 10 patients
with hemorrhagic CVST who were first treated with antico-
agulation, 8 of whom deteriorated rapidly in the first 24-48 h. It
was decided to perform intervention therapy directly when the
patients deteriorated further even after receiving anticoagula-
tion treatment. It was considered that systemic thrombolysis
may induce rebleeding in these hemorrhagic patients, and also
that thrombolysis may not act rapidly enough in patients with a
life-threatening condition. Therefore, thrombectomy combined
with local thrombolysis was performed to reduce the risk of
rebleeding.

Endovascular mechanical thrombectomy is considered to
be an effective treatment in addition to systemic anticoagulation
in severe CVST, due to the potential immediate reestablishment
of antegrade venous flow, based on the success of mechanical
clot retrieval in the arterial vasculature for acute ischemic
large-vessel occlusion stroke (21). SRT-LLT achieved complete
recanalization in 50% and partial recanalization in 50% of the
SH-CVST patients who did not respond well to anticoagula-
tion therapy. Although there were two cases of rebleeding after
the intervention, this was attributed to increased congestion
hemorrhage due to the obstruction of venous reflux by the
thrombosis rather than procedural complications, including
injury of the vessels or the side effects of local thrombolysis.
Styczen et al (8) reported that of 14 patients with CVST under-
going thrombectomy, recanalization was successful in 86% of
cases and complete recanalization was achieved in 29%. In the
present study, complete recanalization was achieved in 50%
of the cases due to combined therapy. Rapid and complete
recanalization may reverse the life-threatening condition in
patients with SH-CVST.

Previous studies reported complete recanalization in 87%
and partial recanalization rates in 6% of patients with severe
CVST who were treated with a combination of anticoagula-
tion and intervention (16,22). Good recanalization rates were
obtained in certain centers with continuous local thrombolysis
after mechanical thrombectomy (23-26). However, they did
not specifically focus on cases with SH-CVST. The lower rate
of complete recanalization in the present study was probably
due to the delayed diagnosis, and there was more severe throm-
bosis in the obstructed sinuses compared with that in other
patients with non-hemorrhagic CVST. Acute clots are easier to
completely remove, as they primarily consist of erythrocytes,
with less fibrin cross-linking and collagen deposition. Subacute
or chronic thrombi are more difficult to compress and dissolve
due to the higher collagen and cross-linked fibrin content (27).
In the present study, multiple sinuses were affected, complete
recanalization was not achieved by thrombectomy alone and
long-term local thrombolysis was required.

For cases of CVST with a life-threatening severity,
endovascular intervention, including mechanical throm-
bectomy, thromboembolic aspiration or balloon venoplasty,
with or without local thrombolysis, are alternative treatment
methods (22,28). Local thrombolysis during endovascular
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intervention was first described in 1988 by Scott ef al (29), and
it gradually became more popular and more frequently prac-
ticed in the clinical setting. UK is the most frequently used
agent (30). In most of the previous studies, it was used at doses
of 250,000-1,000,000 U in one session during endovascular
intervention (11,13,29,31), or as a continuous local infu-
sion over several days. Local thrombolysis further dissolves
residual thrombi and cortical venous thrombosis (10).

As showcased in the second representative case of
the present study, it is dangerous to perform craniotomy
blindly when encountering an atypical cerebral hemorrhage.
Intracerebral hemorrhage or edema in the internal capsule,
thalami or basal ganglia highly suggests the possibility of deep
CVST (4,32). Just as in the second case, it led to rebleeding.
Zuurbier also reported that new hemorrhagic lesions were
identified on post-decompressive craniectomy and/or hema-
toma evacuation in 4 of 10 patients and tended to be associated
with poor outcomes (33). However, it may be recommended
that all attempts should be made to treat severe cases by
more progressive methods in addition to conservative treat-
ment. Thrombectomy and thrombolysis may be performed
even in cases of SH-CVST. According to the study by
Kulcsér et al (11), thrombectomy and long-term thrombolysis
are complementary without increasing the risk of rebleeding.

There were certain limitations to the present study. First,
it was not a randomized controlled trial and the number of
cases was too small for a conclusive statistical analysis. It is
most likely due to the low incidence of hemorrhagic CVST
that there are no large-scale prospective clinical studies on
interventional therapy for SH-CVST.

Almost all cases of SH-CVST deteriorated following an
initial mild presentation. It is crucial to evaluate the signs and
the risk factors of CVST and adjust therapy in a timely manner
to avoid progression to a life-threatening condition.

In conclusion, SRT-LLT is feasible, safe and effective
for SH-CVST. It may be applied as a rescue therapy for the
patients with SH-CVST who are refractory to standard
medical treatment.
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