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Abstract
Background: Cerebral venous thrombosis (CVT) is a rare but important cause of stroke. The superficial venous sinuses,
including the superior sagittal sinus, are the most common location of CVT. Thrombosis of the deep venous system occurs
less frequently, but can be more clinically severe by causing disturbances of consciousness due to involvement of deep ana-
tomic structures including the thalamus and basal ganglia, leading to a higher incidence of death and disability. While anti-
coagulation is the standard initial recommended therapy for patients with CVT, endovascular intervention is sometimes
proposed to help relieve cerebral venous hypertension.
Methods: We performed a retrospective case series review of a single-center interventional database over a 13-year time
period to identify cases of CVT that underwent endovascular therapy and analyzed clinical and radiographic characteristics
of these patients.
Results: We identified 43 patients who underwent endovascular treatment for CVT. Twelve of these cases involved the deep
system. Of the 12 patients in our consecutive case series, all 12 experienced recanalization of the deep system following
catheter-directed alteplase infusions in the superficial or straight sinuses. On follow-up, these patients clinically did well
in spite of initially poor neurologic examinations.
Conclusion: In this single-center retrospective case series of 12 patients with deep and superficial venous thrombosis, endo-
vascular treatment with site-directed thrombolytic infusion of the superficial venous sinuses with or without catheterization of
the straight sinus resulted in angiographic recanalization of the deep veins and improved radiologic and clinical outcomes in
100% of the patients.
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Introduction

Cerebral venous thrombosis (CVT) is a rare but important
etiology of stroke that accounts for 0.5–1% of all strokes.
While the superior sagittal sinus is the most common loca-
tion for CVT, 10.9% of CVT involves the deep venous
system including the internal cerebral veins, vein of
Galen, basal vein of Rosenthal, and thalamostriate
veins.1 Deep CVT is of particular concern as these patients
have an increased prevalence of disorders of conscious-
ness, largely due to edema, stroke, or intracerebral hemor-
rhage (ICH) in the thalamus and basal ganglia. This results
in death of dependency in 29% of these patients.2

Among all patients with CVT who are critically ill,
36.8% have clots in deep cerebral veins, further demonstrat-
ing the severity of this disease.3 While anticoagulation is the
standard initial recommended therapy for patients with
CVT, endovascular intervention is sometimes proposed to
help relieve cerebral venous hypertension. However, direct

catheterization of the deep venous system is challenging
due to anatomical navigation and the size and fragility of
these vessels.

In our institutional experience with severe symptom-
atic cases of both superficial and deep venous thrombosis,
endovascular treatment with catheter-directed thrombo-
lytic infusion of the superficial venous sinuses with or
without also catheterization of the straight sinus routinely
results in angiographic recanalization of the deep venous
sinuses leading to improved radiographic and clinical out-
comes. The goal of this study was to retrospectively
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evaluate the clinical outcomes for a consecutive case
series of patients with deep CVT who received endovas-
cular therapy at our institution.

Methods

We performed a retrospective case series analysis by
searching our interventional radiology (IR) database
from 1 January 2010 to 31 December 2023 for patients
with CVT using search terms “cerebral venous throm-
bosis,” “dural venous sinus thrombosis,” and “cerebral
venous sinus thrombosis.” We then refined the search by
reviewing the procedure reports for terms “endovascular”
and “deep.” Next, we reviewed reports for evidence of
deep DVT. Finally, we performed a chart review of the
included patients to determine clinical and radiographic
outcomes. This study was approved by the Institution
Review Board (IRB) under on 02/16/2021. This is an
IRB-approved retrospective study, all patient information
was de-identified and patient consent was not required.
Patient data will not be shared with third parties.

Results

The initial search of the IR database yielded a total of 5599
patient encounters. A search of the associated procedure
reports yielded 43 patients who underwent endovascular
treatment for CVT. Of these, 31 patients had CVT con-
fined to the superficial sinuses only. Twelve patients
also had venous thrombosis involving the deep system
and were included for chart review. Table 1 shows the
demographic information of the patient.

All 12 patients with deep CVT underwent catheter-
directed intervention due to clinical and/or radiographic
worsening despite adequate heparin infusions. Four of
these patients underwent catheterization not only of the
superficial sinuses, but also of the straight sinus. All
other interventions were in the superficial venous
sinuses only. All 12 patients were treated with microcath-
eter alteplase infusions through up to three different
microcatheters positioned in contiguous clot outside of
the deep system. The average duration of microcatheter
alteplase infusions was 2.8 days. Treatment characteristics
of the patients is outlined in Table 2. All 12 patients with
deep venous involvement ultimately had recanalization of
the deep system. Table 3 describes the clinical outcomes.
Modified Rankin Scale (mRS) at discharge was an
average of 2.2 and a median of 2 (range 0–5). Figure 1
demonstrates cerebral angiography of one of the patients
before and after treatment. Similarly, Figure 2 shows
select MRI brain sequences of a different patient before
and after treatment, again exemplifying radiographic
resolution.

Discussion

All 12 of the patients in our consecutive case series experi-
enced recanalization of the deep system following
catheter-directed alteplase infusions in the superficial
and/or straight sinuses. On follow-up, these patients clin-
ically did well, in spite of initially poor neurologic exam-
inations, with a mean and median follow-up mRS of 2.2
and 2, respectively.

Our results suggest that more aggressive interventions
for deep CVT, such as catheter-directed alteplase infu-
sions, could be of benefit for patients with this condition
who are at risk of poor clinical and radiographic outcomes.
Patients with deep CVT may represent a subgroup that can
benefit from endovascular intervention, as up to 72%
present with disorders of consciousness, which can
result in mortality as high as 53%.2,4 Further emphasizing

Table 1. Demographics and clinical characteristics of the 12
patients whose CVT involved deep veins and who underwent
endovascular intervention.

Average AGE 35.6 years
Sex 5 male, 7 female
Initial presentation 10 headache

4 nausea/vomiting
3 focal motor deficits
2 dizziness
1 syncope
2 gait difficulty
6 altered mental status

Initial neurologic examination 5 normal
3 focal motor deficits
6 disorders of consciousness

Initial non-vascular neuroimaging 6 normal
1 ICH
1 subdural hematoma
2 ischemic stroke
4 cerebral edema
3 thalamic involvement

Indication for intervention 7 neurologic decline
4 ischemic stroke
2 ICH
2 extensive clot burden

CVT: cerebral venous thrombosis; ICH: intracerebral hemorrhage.

Table 2. Treatment characteristics of the 12 patients whose CVT
involved deep veins and who underwent endovascular
intervention.

Initial treatment Unfractionated heparin
infusion all 12 patients

Endovascular techniques (some
>1 technique)

Alteplase infusion all 12
patients

6 mechanical thrombectomies
1 angioplasty

Average # repeat cerebral
angiograms

4 (1–8)

Average duration thrombolytic
microcatheters (Days)

2.8 (1–7)

Catheterization included straight
sinus

4

Catheterization only superficial
sinuses

8

CVT: cerebral venous thrombosis.
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the dangerous nature of deep CVT, a 624 patient natural
history registry of deep CVT showed a hazard ratio for
death or dependency of 2.92, while another study

showed deep CVT to have an adjusted odds ratio of
5.43 as an independent predictor of poor outcome.1,5

Poor clinical outcomes likely stem from the most
common radiologic parenchymal lesion, which is thalamic
edema, found in 69% of patients.6 Another case series of
156 patients further reflects severity by demonstrating that
30% of patients with CVT had poor outcomes if they had
factors including ICH, rapidly progressive neurologic def-
icits, or involvement of the deep venous system.7 These
data suggest patients with deep CVT are in need of aggres-
sive interventions to mitigate a more devastating
prognosis.

Thrombus location can be variable in patients present-
ing with CVT. Even though deep venous involvement is
often associated with clot also in superficial locations,
the deep involvement is an isolated finding in 28% of
patients.4 97% of these patients with deep involvement
also had involvement of the straight sinus.6 Thrombus
location guides interventional strategies. In superficial
CVT, direct access to the clot often renders thrombectomy

Table 3. Clinical outcomes of the 12 patients whose CVT involved
deep veins and who underwent endovascular intervention.

Technical complications 1 femoral artery pseudoaneurysm
1 internal carotid artery

pseudoaneurysm
Sequalae of CVT 4 ischemic strokes

3 ICH
2 thalamic venous congestion

Average ICU length of stay
(days)

15.4 (3–50)

Recanalization deep system All 12 patients
Average mRS at discharge 2.2 (range 0–5)
Median mRS at discharge 2 (range 0–5)

CVT: cerebral venous thrombosis; ICH: intracerebral hemorrhage; mRS:
Modified Rankin Scale.

Figure 1. Angiography images of a 25-year-old male with CVT and altered mental status requiring intubation for airway protection. (a)
Pre-treatment venous phase arteriogram with thrombus in the superior sagittal sinus and deep venous system, (b) microcather venography
of anterior superior sagittal sinus and subsequent microcatheters left with alteplase infusion for 3 days, (c) post-treatment venous phase
arteriogram showing recanalization of the superficial and deep veins with now well opacified superior sagittal sinus (thick arrow), straight
sinus (thin arrow), and deep venous system. CVT: cerebral venous thrombosis.
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successful, whereas in deep CVT the difficulty and safety
considerations of catheterization may necessitate leaving
microcatheters for prolonged alteplase infusion.

Indications for when to pursue endovascular therapy
for any location of CVT have not been well established
in guidelines or literature. At our institution, we have trad-
itionally pursued endovascular treatment in the setting of
clinical and/or radiographic worsening in spite of
adequate unfractionated heparin infusions. Success has
been demonstrated with this strategy in the literature.
For example, among 185 patients with CVT who under-
went thrombectomy, a mRS of 0–2 occurred in 84%,
with near-complete recanalization in 74% and no recana-
lization in only 5%.8 Another review of 120 patients spe-
cifically with deep CVT showed successful recanalization
was associated with good functional outcomes and
inversely related to mortality.9 However, the benefits of
therapy must be weighed against risks associated with
intervention. A study of 235 patients who underwent
endovascular treatment for CVT cited complete radio-
graphic resolution in 69.0% of patients, with worsening
or new ICH in 8.7% and catheter-related complications
such as sinus perforation in 6.3%. In another review of
33 studies involving 610 patients who underwent endo-
vascular treatment of CVT, 85% had good functional out-
comes, with 62% experiencing recanalization; however,
with a 5% all-cause mortality rate and a 3% catheter-
related complication rate.10 These studies cited failure of

systemic anticoagulation, extensive clot burden, cerebral
edema, elevated intracranial pressure, altered mental
status, and progressively worsening focal neurologic def-
icits as indications to pursue thrombectomy.11 These
reviews present a compelling role for endovascular inter-
vention in appropriately selected patients.

However, endovascular therapy is not the standard and
may not be beneficial. The 2020 TO-ACT randomized-
controlled trial compared patients randomized to endovas-
cular treatment vs. medical therapy for CVT. It measured a
primary endpoint of mRS 0–1 at 12 months, as well as
recanalization rates. Only 67 patients were enrolled. The
study found no difference between the treatment groups
for the primary clinical outcome or the rate of symptom-
atic ICH. The trial was stopped early due to interim ana-
lysis showing pre-defined futility. This resulted in
groups too small for a powered subgroup analysis,
although there was a trend that patients in a coma state
—likely indicative of deep thrombus involvement—may
do better with endovascular therapy. In this study, only
9% of patients underwent continuous infusion of thrombo-
lytic, while the most common endovascular technique,
mechanical thrombectomy, was used in 91% of patients.12

Alternatively, in our case series, all patients were treated
with continuous alteplase infusions, which may be a
more effective treatment for patients with deep CVT.

It has been suggested that delaying endovascular therapy
and using it as a rescue intervention may make the lesions

Figure 2. A 36-year-old female presenting with headache found to have CVT involving the deep venous system, straight sinus, left
transverse sinus, left sigmoid sinus, and left internal jugular vein who underwent alteplase infusions via microcatheters positioned in the
straight sinus, left transverse sinus, and left sigmoid sinus for 3 days with significant recanalization. (a) Pre-treatment T2 MRI brain
showing bilateral thalamic edema, (b) pre-treatment T1 FLAIR MRI brain showing hyperintense thrombi in the straight sinus and deep
venous system, (c) pre-treatment MRA brain showing no signal in the straight sinus or deep venous system, (d) post-treatment T2 MRI
brain showing improvement of bilateral thalamic edema, (e) post-treatment T1 FLAIR MRI brain showing resolution of hyperintense signal
in the straight sinus and deep venous system, and (f) post-treatment MRA brain showing return of signal to the straight sinus and deep
venous system. CVT: cerebral venous thrombosis.
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more resistant as the clot becomes chronic and thus less
likely to achieve recanalization.13 However, the poor clin-
ical outcomes that result from inaction may compel
instead early decision action, especially among the cohort
of patients with deep CVT.

A variety of endovascular techniques including rheoly-
tic therapy, balloon angioplasty, aspiration thrombectomy,
balloon thrombectomy, and stent retriever thrombectomy
have been attempted to treat CVT. While there is no
firmly established clinical indication or technique for
endovascular intervention, we propose using catheter-
directed alteplase infusions through microcatheters posi-
tioned in the superior sagittal sinus, torcula, straight
sinus, and/or transverse sinuses in cases of deep system
involvement. The central proposed mechanism is that
the alteplase diffuses throughout the extent of the clot
lysing in both the superficial and the deep system.14,15

Patients with microcatheter infusions remain under close
watch in the intensive care unit between trips to the angi-
ography suite to monitor progress and evaluate for the
appropriate timing of catheter removal once recanalization
has been achieved. This particular technique has been
studied in a 2022 review, which demonstrated a 95.2%
rate of radiographic resolution and 72.2% rate of good
clinical outcome, with a mRS of 0–2 at discharge. This
was in spite of a 10.3% complication rate, including
ICH, catheter-associated complications, edema, hernia-
tion, infarction, or re-thrombosis, although some of
these complications may be accounted for by the natural
progression of the disease.16 A smaller study of 15
patients who underwent initial endovascular treatment
not resulting in recanalization focused on continuous alte-
plase infusion as a secondary rescue technique. Ten of
these patients subsequently underwent prolonged intraar-
terial alteplase infusions for 13–22 h. Follow-up angiog-
raphy demonstrated complete recanalization in 4 of the
10, while 6 of the 10 had improvement in recanalization,
and no patients had ICH.17 These studies demonstrate that
thrombolytic infusion may be the crux of endovascular
strategy for deep CVT.

Limitations of this study include that it was performed
at a single center, resulting in a relatively small sample
size. This was also a retrospective case series evaluation.
However, CVT and in particular deep CVT is a rare
disease, and these results suggest a successful treatment
solution for an otherwise debilitating condition.

Acknowledging that anticoagulation is the standard of
care for treating CVT, endovascular therapy, in particular
continuous alteplase infusions in severe cases where the
deep system is involved, may play an important role
with appropriate patient selection. Deep CVT patients
treated with microcatheter alteplase infusions have been
shown to have improvement in radiographic and clinical
outcomes.

Conclusions

In this single-center retrospective case series of 12 patients
with deep and superficial venous thrombosis,

endovascular treatment with site-directed thrombolytic
infusion of the superficial venous sinuses with or
without catheterization of the straight sinus resulted in
angiographic recanalization of the deep veins and
improved radiologic and clinical outcomes in 100% of
the patients.
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