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Abstract

Neurological manifestations related to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection may involve
both peripheral and central nervous systems, including acute ischemic stroke and cerebral venous sinus thrombosis (CVST).
Hereby, we present an adult patient with post-vaccination breakthrough COVID-19 infection and CVST, treated with venous
mechanical thrombectomy (MT). The patient manifested continuous tonic-clonic seizures, after an insidious presentation with
headache and left-sided weakness. SARS-CoV-2 testing was positive, despite full vaccination, using two approved mRNA
platforms. Factor V Leiden polymorphism was detected. The patient was initially managed with anticoagulation, followed
by MT with a positive response. We provided a comparison to similar cases of COVID-19-associated CVST undergoing
mechanical thrombectomy. High index of suspicion and prompt diagnosis are extremely important to ensure immediate
hospitalization and therapy, since CVST associated with either vaccines or COVID-19 seems to evolve rapidly and with a
high mortality rate. Even a breakthrough infection may present severe vascular complications. In addition, evaluation of
acquired and hereditary thrombophilia may be beneficial in acute phase, also without a previous history of thrombosis.
Clinicians should start early medical treatment and additionally consider the endovascular approach as an optimistic choice
in refractory CVST related to SARS-CoV-2 infection.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection seems to trigger a pro-thrombotic condi-
tion, as it has been hypothesized in course of several cases
of cerebral venous sinus thrombosis (CVST) described in
the literature [1]. There is still a lack of clarity about the
underlying pathogenetic and the most appropriate thera-
peutic approach. A breakthrough during the SARS-CoV-2
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pandemic has been the appearance of new variants of con-
cern, which present a greater transmissibility, although less
severe, in patients reinfected or who had received vaccina-
tion before the occurrence of new infection with these new
variants [2]. Herein, we describe an unusual case of CVST in
a patient infected lately with post-vaccination breakthrough
COVID-19 who failed to respond to medical treatment and
therefore underwent venous mechanical-thrombectomy
(MT), showing significant clinical improvement.

Case Report

A patient in their late 30’s was admitted to our hospital
with a two-day headache. Neurological assessment was
normal. Concomitant SARS-CoV-2 infection, without
respiratory symptoms, was diagnosed by nasal swab, but
the patient refused hospitalization. He was previously
vaccinated against SARS-CoV-2, using the two approved
mRNA platforms: Pfizer/BioNTech-BNT162b2-vaccine
for the first two doses, whereas the third dose with Mod-
erna-mRNA-1273 was administered 45 days before symp-
toms onset. After four days from the headache onset, the
patient presented again in ER with left upper limb weak-
ness associated to headache and fever and subsequently
developed a refractory status epilepticus requiring transfer
to an intensive care unit. His medical history was unre-
markable for CVST risk factors, and he did not take any
domiciliary therapy. The patient was unresponsive to ver-
bal and deep painful stimuli with Glasgow Coma Scale
score 3 and was intubated. The estimated National Insti-
tutes of Health Stroke Scale (NIHSS) was 29.

Cerebral computed tomography (CT) and CT angiog-
raphy (CTA) revealed thrombosis of superior sagittal,
transverse, and sigmoid sinus on both sides with bilateral
limited venous infarctions in a parietal region. Magnetic
resonance angiography (MRA) confirmed severe CVST
with bilateral frontoparietal cortical veins and bilateral
proximal jugular veins involvement, and more exten-
sive venous infarcts with hemorrhagic transformation
(Fig. 1a—c). The laboratory tests showed elevated D-dimer
and inflammatory markers. The screening for acquired
thrombophilia revealed heterozygosis in polymorphisms
of factor V Leiden (FVL), G1691A.

The patient was treated with low-weight molecular
heparin (LWMH), anti-epileptic, and anti-edema therapy.
The transcranial echo-color-doppler sonography performed
in ICU revealed abnormal and asymmetric flow in most
intracranial arteries, especially in the left posterior cere-
bral artery (PCA), showing thrombolysis in brain ischemia
(TIBI) grade 2 [3]. Cerebral MRA on second day high-
lighted neuroradiological findings worsening, and therefore
the patient underwent venous MT (eFigure 1; eVideo).
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Through a 4F right femoral arterial sheath, prelimi-
nary cerebral angiography demonstrated a massive CVST,
with patency of the extracranial left internal jugular vein,
and partial opacification of the left transverse sinus via
superficial cerebral venous system (eFigure la; eVideo
a). Multiple maneuvers of venous MT were performed
in transverse sinus bilaterally and in the superior sagit-
tal sinus, using thromboaspiration catheters (AXS Vecta
74 - Stryker) and stent retrievers (AXS Vecta 74 — Stryker
and Aperio Hybrid 6xX50mm - Candis, Jet 7 -Penumbra
Inc. and CatchView 6x50mm - Balt) (eFigure 1b). As the
last attempt, MT was performed by double stent retrievers
(Embotrap III 5X37mm - Cerenovus, placed in superior
sagittal sinus, and CatchView 6xX50mm - Balt, in right
trasverse sinus), in combined technique with intermediate
aspiration catheter (Jet 7 - Penumbra Inc.) (eFigure 1c).
During the endovascular procedure, unfractioned-heparin
was administered intravenously. Partial recanalization of
both transverse-sigmoid sinus and posterior portion of
superior sagittal sinus was achieved at the end of the endo-
vascular procedure, allowing a dramatic improvement of
cerebral venous drainage (eFigure 1d; eVideo b). Premises
and contraindication for endovascular approach are sum-
marized in eTable.

The patient’s consciousness gradually improved after
extubation, without new seizures. Therefore, he started a
rehabilitation program and was discharged 30 days after
admission (NIHSS-0). Oral anticoagulation with acenocu-
marol had been started. At 30-day follow-up, no neurologi-
cal deficits and gradual resolution of CVST (Fig. 1 d—f;
eFigures-2-3) were present.

Discussion

Neurological manifestations during SARS-CoV-2 infection
may be present in at least one-third of all cases, causing both
peripheral and central diseases, including CVST [1].

The European guidelines for the management of CVST
suggests LWMH as the main therapy. Nevertheless, around
9%—13% of the patients with non-COVID CVST may require
MT, because of worsening despite anticoagulation [4].
Recent studies suggested that CVST has a higher incidence
in COVID-19 patients than in the general population, as well
as different demographic and clinical characteristics [1, 5,
6]. Wherein this group, two patients underwent MT and both
died respectively 1 and 6 days after surgery [5, 7]. More
recently, one case of CVST associated with COVID-19 has
been described reporting successful thrombectomy results
[6]. Table 1 summarizes a comprehensive comparison of
our case with the aforementioned three cases. Headache was
uniformly seen in all patients. Superior sagittal sinus and
other sinuses and superficial and deep veins were involved
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Fig. 1 Magnetic resonance imaging (MRI) before and after endovas-
cular treatment (EVT). In the first MRI scan, the axial fluid-attenu-
ated inversion recovery (FLAIR) images (a, b) showed several venous
infarctions with hemorrhagic transformation involving the right fron-
tal, parietal and occipital lobes, and the left parietal lobe; the venous
MRI phase-contrast angiography (PCA) scans (c¢) revealed a severe
cerebral venous sinus thrombosis (CVST), involving superior sagittal

in all four. The pulmonary circulation was not involved in
our patient, as well as in case A [6]. In comparison with
the present case, case A presented inflammatory mark-
ers slightly more increased and similarly mild severity of
SARS-CoV-2 symptoms [6], according to the WHO Clini-
cal Progression Scale [8]. The remaining two patients had
remarkably raised D-dimers and neutrophil-to-lymphocyte
ratio along with moderate severity of COVID-19 disease
[5, 7]. No antiviral therapy was given to our patient for
COVID-19, likewise case A. Cases B and C received on-
site chemical thrombolysis with alteplase along with MT,
differently from ours and case A. MT led to recanalization
of superior sagittal sinus in all of the cases. In our case,
residual thrombi persisted in both transverse-sigmoid sinus

sinus, bilateral sigmoid and transverse sinus, bilateral frontoparietal
cortical veins, and bilateral proximal jugular veins. The 30-day MRI
follow-up after EVT showed the improvement of neuroradiological
findings, with the regular evolution of venous infarctions on axial
FLAIR images (d, e). PCA sequences (f) demonstrated a better rep-
resentation of the cerebral venous system, with the almost complete
recanalization of left transverse and superior sagittal sinus

and posterior portion of superior sagittal sinus. We achieved
recanalization of cortical veins (eFigures 2-3), in contrast
to cases A and C, whereas there was no mention of cortical
veins in case B. Neurological deterioration in cases B and C
played a critical role.

With our collected data, we excluded platelet dysfunc-
tion, coagulation alteration, and the presence of anti-phos-
pholipid antibodies as the possible cause of the CVST. Our
patient had a heterozygous mutation in FVL rs6025 variant
known as G1691A, causing inherited poor response to the
anticoagulant effect of activated Protein C. There is cur-
rently lack of studies concerning the prevalence of throm-
bophilia or the association between thrombophilia’s panel
and COVID-19 mortality. Hence, we did not identify any
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Table 1 Comparison of demographics features, clinical and radiological findings, laboratory variables, treatment, and outcome details among
the patients with COVID-19-related CVST undergoing mechanical thrombectomy

Our case

Case 1

Case 2

Case 3

Demographics Age (years)

Clinical

Radiological

Laboratory

Treatment

Neurological symptoms

Other symptoms
COVID-19 clinical
severity score

Baseline parenchymal
lesion

MR venography find-
ings

Complete blood picture

Coagulation profile

Inflammatory markers

Liver profile

Thrombophilic workup

For COVID-19
For CVST (medical)
For CVST (surgical)

Late 30s

Headache, left upper
limb weakness, fol-
lowed by refractory
status epilepticus

Fever
Mild

Bilateral venous infarc-
tions with hemor-
rhagic transformation

Fronto-parietal CVs,
StS, SSS, both TS,
both SiS, both proxy-
mal JV

RBC 5100000 mm?2
HGB 16.1 g/dL
HCT 47 %

WBC 12,100 mm?
LYM 6 %

NEU 89%

MON 4%

PLT 240,000 mm?
PT 84.0%

PTT 29.3 sec

INR 1.10

ATII 115

DDI 0.92 pg/mL
FBG 473 mg/dL
CRP 4.99 mg/dL
PCT 0.04 ng/mL

Ferritin: 134.9 ng/mL

FDP 3.34 UG/ML
AST 19 U/L
ALT 44 U/L

LAC 1.29 ratio
[0.80—1.20]

APCR 0.56 ratio
[0.80-1.20]

Heterozygous mutation
in FVL (G1691A)

Nil

LWMH 1mg/kg BID

MT of SSS and both
TS plus IST with

UFH (LD: 5000IU;
BD: 10001U)

Late 20s

Headache, left-sided
weakness, and left-
sided focal seizures

Anosmia since 20 days
Mild

Hemorrhagic infarct

TH, SSS, left TS, and
left SiS

HGB 11.6 g/dL

WBC 13,600 mm?
LYM 23%

NEU 10%

MON 9%

PLT 285000 mm?
PT 10.9 sec

PTT 20.1 sec

INR 1

DDI 6.3 pg/mL
FDP > 5 ng/mL
CRP 9.95 mg/dL
PCT 0.03 ng/mL
LDH 265 U/L
Ferritin: 9.8 ng/mL

FDP > 5 ng/mL
AST 21 U/L
ALT 29 U/L

Low-protein C levels

Nil
LWMH Img/kg BID
MT of SSS

Late 30s

Headache and altered
mental status

Vomiting and diarrhea
Moderate

Cerebral edema only

Multiple CVs, StS,
distal SSS, TH, and
right TS

HGB 14.3 g/dL

WBC 16,710 mm?
LYM 40%

NEU 14%

MON 16%

PLT 141,000 mm?
PT 22.5 sec

PTT 30.6 sec

INR 1.9

DDI > 55.000 pg/mL
FBG 121 mg/dL

AST 31 U/L
ALT 27 U/L
Not available

Lopinavir—Ritonavir
LWMH Img/kg BID

MT of SSS; then CDT
with rt-PA

Early 60s

Headache, blurred
vision, and left-sided
hemiparesis

None
Moderate

Hemorrhagic infarct

Multiple CVs, SSS, both
TS, both SiS

HGB 14.9g/dL
WBC 8000 mm?

LYM 5%

PLT 140,000 mm?
Not available

DDI > 10 pg/mL

CRP 40 mg/L

Ferritin: 144 ng/mL
ESR 12 mm/h

Not available

Raised LAC

Raised APL IgM

Lopinavir—Ritonavir
UFH 1000UI/h CIVI

IST with rt-PA prior MT
of SSS; then DHC
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Table 1 (continued)

Our case Case 1 Case 2 Case 3
Time from onset to 36 hours 5 days 24 hours 4 days
EVT
Outcome Hospital stay 30 days 18 days 32 hours 10 days
Discharge At home without At home with minimal Death Death
deficits deficits
Cause of death N/A N/A Respiratory failure and ~ Septic shock and DIC

cardiac arrest

Abbreviations: CVs cortical veins, JVs jugular vein, SiS sigmoid sinus, StS straight sinus, 7S transverse sinus, SSS superior sagittal sinus, 7TH
torcula Herophili, RBC red blood cells, HGB hemoglobin, HCT hematocrit, WBC white blood cells, LYM lymphocytes, NEU neutrophils, MON
monocytes, PLT platelet count, PT prothrombin time, PTT partial thromboplastin time, /NR international normalized ratio, DDI D-dimer, FBG
fibrinogen, CRP C-reactive protein, PCT procalcitonin, ESR erythrocyte sedimentation rate, LDH lactate dehydrogenase, AST aspartate transam-
inase, ALT alanine transaminase, LAC lupus anticoagulant, APCR activated protein C resistance, FVL factor V Leiden, APL total antiphospho-
lipid antibodies, /gM immunoglobulin M, LWMH low-weight molecular heparin, UFH unfractionated heparin, LD loading dose, BD booster
dose, BID twice a day, CIVI continuous-intravenous infusion, M7 mechanical thrombectomy, /ST intrasinus thrombolysis, CDT catheter-directed
thrombolysis, r#-PA recombinant tissue plasminogen activator, DHC decompressive hemicraniectomy, N/A non-applicable, DIC disseminated

intravascular coagulation

clear pathogenic factor, apart from a breakthrough COVID-
19 infection.

In contrast to other cases, our patient received a full
vaccination against SARS-CoV-2, including a third dose
with a different mRNA vaccine platform. Cerebral vascu-
lar events have been reported in association with mRNA
vaccine platforms, considering multiple causal factors.
However, the risks of most of these events were substan-
tially higher and more prolonged after SARS-CoV-2 infec-
tion than after vaccination in the same population [9]. In
this specific case, the long interval of time between the
administration of the third dose and the onset of symp-
toms (45-days), in addition to the concurrent SARS-CoV-2
detection, made eventual correlation between CVST and
previous vaccination implausible (see also eFigure-4).

In this regard, real-world vaccine efficacy has shown dif-
ferences across the two approved mRNA platforms, suggest-
ing that subtle variation in immune responses may induce
differential protection [10]. Mixing vaccines might both
enhance the immune response and increase flexibility for
booster dose administration [11]. Nevertheless, our patient
acquired SARS-CoV-2 despite three doses of vaccination,
using two different mRNA platforms. Recently, Accorsi
et al. [12] found that a third dose vaccination was associ-
ated with protection against both the Omicron and Delta
variants, although less protection for Omicron than for Delta
was suggested by higher odds ratios for the association with
Omicron infection. Specifically, the appearance of the omi-
cron variant has meant a breakthrough in the SARS-CoV-2
pandemic, because of its features, as greater transmissibility,
less severity, and peculiar decrease in anosmia, in patients
reinfected or who had received vaccination before infection
[13]. According to the above-mentioned considerations, we
think that this might be the case in our patient.

Finally, a hyperinflammatory syndrome with break-
through SARS-CoV-2 infection in a fully vaccinated
patient is not a common finding. Multi-inflammatory
syndrome in adults (MIS-A) with COVID-19 is a rare
entity especially after receiving COVID-19 vaccination.
An overwhelming antibody-mediated immune activation
could result from enhanced serologic response in patients
who are vaccinated and have breakthrough COVID-19
infection [14]. Concerning our case, the CDC clinical and
laboratory criteria for MIS-A were not fulfilled, because
of the absence of severe cardiac illness [15].

In conclusion, CVST associated with COVID-19 may
result from a prothrombotic inflammatory state caused
by anti-SARS-CoV-2 immune response targeting vessel
endothelium. Evaluation of acquired and hereditary
thrombophilia in COVID-19 patients, also without a
previous history of thrombosis, may be beneficial in an
acute phase. CVST associated with either vaccines or
COVID-19 seems to evolve much more rapidly and with
a higher mortality rate than CVST with different etiology.
Even a breakthrough infection with mild severity of
SARS-CoV-2 symptoms may present severe vascular
complications. High index of suspicion and prompt
diagnosis are extremely important to ensure immediate
hospitalization and therapy. Clinicians should start early
treatment with anticoagulation and additionally consider
the endovascular approach as an optimistic choice in
refractory CVST.
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