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Partial Recanalization of a Large Vessel
Acute Ischemic Stroke With Intravenous
Tissue Plasminogen Activator, Followed by
Systemic Anticoagulation, in the Setting of
COVID-19-Induced Hypercoagulability:
A Case Report

Vincent A. LaBarbera, MD1 , Aidan Azher, MD1, Mahesh V. Jayaraman, MD1,2,3,
Linda C. Wendell, MD1,3, Daniel C. Sacchetti, DO1 , and Bradford Thompson, MD1,3

Abstract
We report on the use of systemic heparinization following thrombolysis with intravenous tissue plasminogen activator (t-PA) for
acute ischemic large vessel stroke, in the setting of COVID-19-induced hypercoagulability, with partial recanalization of the
internal carotid artery. Off-label systemic heparinization was used within 12 hours of t-PA administration, after extensive
multidisciplinary collaboration and family discussion, given evidence of severe hypercoagulability. We conclude that thrombolysis
should be considered for all eligible patients with suspected or confirmed COVID-19 and acute ischemic stroke, and systemic
anticoagulation, although with inherent risks, may be a useful adjunct treatment modality in selected patients who have received
intravenous thrombolysis.
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Introduction

Infection with SARS-CoV-2 (hereafter COVID-19) has been

associated with hypercoagulability, including disseminated

intravascular coagulation, venous thromboembolism, acute

myocardial infarction, and acute ischemic stroke.1 Tissue

plasminogen activator (t-PA) remains a mainstay in care in

treating acute ischemic stroke with or without large vessel

occlusion for those meeting eligibility criteria. In addition,

systemic heparinization is being more widely accepted as a

potential treatment modality for the hypercoagulability in

COVID-19, although prospective randomized controlled trials

remain necessary.2,3 In this case report, we are the first to

detail, to our knowledge, the use of t-PA in treating an acute

ischemic stroke in this setting, followed by systemic hepari-

nization for severe hypercoagulability.

Case Description

A 69-year-old man with a medical history of multiple vascular

risk factors presented to the emergency department with acute

right hemiparesis, aphasia, and forced left-gaze deviation.

Recent medical history was notable for hospitalization for

orthostatic syncope due to dehydration in the setting of

COVID-19 with symptoms of fever, chills, cough, and fatigue,

beginning 18 days prior to current presentation. COVID-19

positivity was confirmed via nasal swab real time-PCR during

a hospitalization for syncope 7 days prior to current presenta-

tion. Upon arrival, he was hypertensive with a blood pressure

of 181/94, hypoxic with an oxygen saturation of 84%

1 Department of Neurology, Warren Alpert Medical School of Brown

University, Providence, RI, USA
2 Department of Diagnostic Imaging, Warren Alpert Medical School of Brown

University, Providence, RI, USA
3 Department of Neurosurgery, Warren Alpert Medical School of Brown

University, Providence, RI, USA

Corresponding Author:

Vincent A. LaBarbera, MD, Department of Neurology, Warren Alpert

Medical School of Brown University, 593 Eddy St. APC Building, 5th Floor,

Providence, RI 02903, USA.

Email: vincent_labarbera@brown.edu

The Neurohospitalist
2021, Vol. 11(3) 246-250
ª The Author(s) 2020
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/1941874420977308
journals.sagepub.com/home/NHO

https://orcid.org/0000-0002-1325-0717
https://orcid.org/0000-0002-1325-0717
https://orcid.org/0000-0001-7207-5640
https://orcid.org/0000-0001-7207-5640
https://orcid.org/0000-0002-4698-7248
https://orcid.org/0000-0002-4698-7248
mailto:vincent_labarbera@brown.edu
https://sagepub.com/journals-permissions
https://doi.org/10.1177/1941874420977308
http://journals.sagepub.com/home/NHO


requiring 5 liters/minute of oxygen via nasal cannula, and

hyperglycemic with a blood glucose of 360 mg/dl. His neuro-

logical exam was notable for a left hemispheric stroke syn-

drome, consisting of global aphasia, right hemiparesis,

leftward gaze deviation, and right homonymous hemianopsia,

with a National Institutes of Health Stroke Scale (NIHSS)

of 25.

A multiphase CT angiogram (mCTA) of the neck and brain

revealed proximal high-grade (85%) left internal carotid

artery (ICA) stenosis and in-situ thrombosis, with patent intra-

cranial large arteries (Figure 1a). There was an occlusion of

the distal second segment of the left anterior cerebral artery

(ACA). There was also observed poor collateral filling within

the left ACA territory. Chest CT revealed peripheral ground

glass opacities consistent with COVID-19. Despite delays due

to newly-instituted protocols surrounding COVID-19 patients

and in contacting family, he was administered the maximum

weight-limited dose of 90 mg (0.73 mg/kg actual body weight)

of tissue plasminogen activator 42 minutes from arrival and

69 minutes from last known normal. After a multidisciplinary

discussion, acute endovascular therapy for the proximal

thrombus was deferred due to concern for possible emboliza-

tion to currently patent intracranial vessels. Laboratory

workup was notable for D-Dimer of 4238 ng/mL, increased

from 555 ng/mL 3 days prior, and fibrinogen >1000 mg/dL.

Platelet count was 493 x 109/L. Repeat CTA obtained approx-

imately 1 hour post-tPA bolus, performed due to a transient

episode of hypotension to 80/49 mm/Hg, and tachycardia

associated with an abrupt decline in level of alertness,

revealed partial recanalization of the acute thrombus at the

proximal left ICA (Figure 1b). MRI of the brain performed

4 hours after t-PA bolus revealed a large left ACA and middle

Figure 1. Panel A1, A2, and A3. Axial, Coronal, and Sagittal views revealing intraluminal thrombus of the left internal carotid artery (white
arrow). Panel B1, B2, and B3. Axial, Coronal, and Sagittal views revealing partial recanalization post-thrombolysis (white arrow).
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cerebral artery (MCA)-territory infarction without hemor-

rhage (Figure 2).

In light of his apparent hypercoagulable state from

COVID-19, evidenced by his hyperfibrinogenemia, elevated

D-dimer, and 6 subsequent sets of clotted serum samples, a

multi-disciplinary discussion among neurocritical care, vascu-

lar neurology, and neuro-interventional radiology led to initia-

tion of systemic anticoagulation with heparin after extensive

discussion with family explaining the potential risks and ben-

efits of this off-label treatment. Although partial thrombolysis

was achieved, remnant clot and evidence of severe hypercoa-

gulability provided an indication to initiate systemic

heparinization, despite being contraindicated within 24 hours

of t-PA administration under normal circumstances. Multidis-

ciplinary analysis deemed the potential for benefit against

thromboembolism to outweigh the risk of hemorrhage. Hepar-

inization with an institutional high-risk neuroscience protocol

was initiated 9.5 hours after t-PA bolus. This protocol includes

no initial bolus of unfractionated heparin, and a moderate

infusion initiation at 15 units/kg/hour (with a maximum of

1500 units per hour), and a similar therapeutic target

anti-Xa of 0.3-0.7. Six hours after therapeutic anticoagulation

was achieved, a surveillance CT of the brain revealed substan-

tial cerebral edema with 5 mm midline shift at the pineal gland

Figure 2. MRI of the brain performed 4 hours post-thrombolysis. Large anterior and middle cerebellar artery acute infarction seen on Diffusion
Weighted Image and Apparent Diffusion Coefficient mapping (panels A and B) without evidence of hemorrhage (panel C, FLAIR image, and
panel D, gradient echo image).
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and 10 mm midline shift at the septum pellucidum, parenchy-

mal hematoma type 2 (PH2) hemorrhagic transformation, and

intraventricular hemorrhage (Figure 3), however with stable

clinical examination. Heparinization was stopped and reversed

with protamine, per protocol. Neurosurgery was consulted for

consideration of cerebrospinal fluid diversion or decompres-

sive hemicraniectomy, though multidisciplinary decision was

made to not pursue either of these interventions due to like-

lihood of minimal benefit and risk of peri-operative thrombo-

sis. Twelve hours after the intracranial hemorrhage was

discovered, he developed respiratory failure requiring endotra-

cheal intubation and mechanical ventilation. His course was

further complicated by rising D-Dimer (max 14,956 ng/ml) and

concern for disseminated intravascular coagulation with rap-

idly diminishing fibrinogen to 143 mg/dl 2 days after t-PA

administration. This figure normalized without need for cryo-

precipitate or fresh frozen plasma, although this was considered

and ultimately deferred, as, again, thrombosis risk was felt

to outweigh hemorrhagic risk. Anti-cardiolipin IgM were

elevated (32.8 micrograms); IgG and IgA were normal

(<9.4 micrograms). Beta 2 glycoproteins IgG and IgM were

normal (<6.4 U/ml and <1.1 U/ml, respectively). Lupus antic-

oagulant ratio was slightly elevated to 1.28. These were felt not

to be significantly abnormal. Two days after the intracerebral

hemorrhage was discovered, heparinization was reinitiated

with stable hemorrhage on head CT.

After several days without neurologic improvement, the

patient suffered a clinical herniation syndrome with loss of

midbrain reflexes, with radiographic confirmation of brain-

stem compression without interval increase in hemorrhage

size. Family discussion via tele-conference was performed,

and the family ultimately decided to transition to comfort

measures, followed by terminal extubation and death. Stroke

mechanism was adjudicated at time of discharge to be large

vessel atherosclerotic disease, with thrombosis exacerbated by

COVID-19 related hypercoagulability. This etiology was felt

as the most likely mechanism due to the location of thrombus,

and underlying calcified plaque.

Discussion

This is the first case report, to our knowledge, that describes

t-PA utilization with subsequent systemic anticoagulation for

acute ischemic stroke due to large vessel thromboembolism in

the setting of COVID-19 associated hypercoagulability. Severe

hypercoagulability is a now-recognized manifestation of

COVID-19, with ischemic stroke documented as a complica-

tion of this hypercoagulability, from 2.8%4 to 23% of cases.5

Large vessel strokes have also been documented.6 IV t-PA

alone has been shown to induce successful reperfusion in only

about 11% of large vessel occlusions,7 as was the case in our

patient, with evidence of partial recanalization on follow-up

vascular imaging. Currently, the safety and efficacy of throm-

bolysis for acute ischemic stroke in patients with COVID-19 is

not well-established, although observational studies have

shown the use of alteplase in this population without specific

mention of recanalization rates or symptomatic hemorrhage.8

This population may be at more risk for symptomatic hemor-

rhage due to presence of disseminated intravascular coagula-

tion, microhemorrhage, or other vasculopathy associated with

this virus. Because of collected serological and imaging data

indicating persistent hypercoagulability, including remnant

clot despite partial thrombolysis, we initiated systemic hepar-

inization within 12 hours after t-PA administration. Although

off-label t-PA followed by systemic heparinization demon-

strated feasibility and benefit for Acute Respiratory Distress

Syndrome (ARDS) pathophysiology in COVID-19 patients,9

there have been no reports of heparinization in stroke patients

with COVID-19, nor of heparinization following t-PA for

stroke treatment in those without COVID-19. Current guide-

lines from the American Heart Association indicate that the

usefulness of urgent anticoagulation for non-occlusive intra-

luminal thrombus is not well-established, although several

small observational studies indicate short-term use may be

safe. Furthermore, the guidelines do allow for consideration

of initiation of anticoagulation if a patient is “found to have

abnormal findings on coagulation testing,” as were markedly

abnormal in our patient.10

While parenchymal brain imaging with CT and MRI in the

hours following IV t-PA administration did not reveal any

hemorrhage, our patient ultimately did have significant

hemorrhagic transformation with cerebral edema on subse-

quent imaging. It is unclear if this was due to heparin admin-

istration in the setting of a large infarct core, thrombolytic use,

natural evolution, or any combination thereof. He was at risk

for hemorrhagic transformation given the size of his infarc-

tion, hyperglycemia on admission, as well as his multiple

other comorbidities.11 Although in our patient intracerebral

hemorrhage did occur, a retrospective analysis of the decision

to initiate systemic heparin early on post-tPA deemed the

decision to be concordant with societal guidelines, the best

approximation of known pathophysiological ramifications of

the disease and treatment, and with the ethical principle of

beneficence in mind.

Figure 3. Parenchymal hematoma 2 (PH2) hemorrhagic transfor-
mation, approximately 16 hours after thrombolysis and 6 hours after
therapeutic anticoagulation achieved, in axial and coronal views.
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In conclusion, while physicians are increasingly utilizing sys-

temic anticoagulation to prevent thromboembolism in the setting

of COVID-19 hypercoagulability,2,3 it is not well-known what

treatment modality is best suited for acute ischemic stroke with

comorbid COVID-19. As such, thrombolysis for acute ischemic

stroke should be considered for all eligible patients with

suspected or confirmed COVID-19. Furthermore, systemic

anticoagulation can be considered as a possible adjunct treat-

ment modality in selected (and assented) patients with

COVID-19-related hypercoagulability and acute ischemic

stroke, although a potentially elevated risk of intracerebral

hemorrhage must be taken into account.
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