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Questions to consider

• Why are some young patients getting strokes and blood clots?

• Why are their different lung phenotypes? Is there a problem with air getting 
to the lungs, or a problem of blood getting to the lungs, or both?

• Why do some pts have very compliant lungs with hypoxia (Gattinoni type L)?

• Why are some pts getting extubated and seeming to improve only to die from 
cardiac arrest?

• Why are some patients being discharged home and then coming back very 
sick later?

• Can we challenge our current thinking to imaging this is a vascular disease 
with an infectious etiology? And might that explain all of this?



UBNS Virtual Visiting Professor GR

• Link: https://buffalo.zoom.us/j/99187628667?pwd=SGhBRUZrTFdIekQ4bVNzN3M0c25udz09
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• Oxley, Mocco et al. 

• 5 COVID-19+ cases of LVO in age < 50 patients

• Mean NIHSS 17 at presentation

Oxley, T. J., Mocco, J.Large-Vessel Stroke as a Presenting Feature of Covid-19 in the Young. N Engl J Med, 382(20), e60. 
doi:10.1056/NEJMc2009787



Oxley, T. J., Mocco, J., Majidi, S., Kellner, C. P., Shoirah, H., Singh, I. P., . . . Fifi, J. T. (2020). Large-Vessel Stroke as a Presenting Feature of Covid-19 in the Young. N Engl J Med, 382(20), e60. doi:10.1056/NEJMc2009787







SWIFT PRIME
Medtronic- US

• Proximal anterior circulation occlusion

• Randomized patients who received IV-tPA to undergo endovascular therapy 
with Solitaire or continue receiving IV-tPA alone

• RESULTS:

• Endovascular showed improvement in mRS at 90 days

• 60.2% vs 35.5% , P<0.001 

• No significant differences in mortality or the occurrence of symptomatic ICH

• NNT = 4











Deployment of TREVO retrieval 

device 



1st pull of the  microcatheter with 

the retrieval device

Total intervention time ~20 min



Complete recanalization 

TIMI-3 after 1 pull 







COVID and LVO in young patients?

• NE AHA/ASA – not consistent, some with increased hemorrhagic 
strokes from normal rates

• NYS stroke consortium – not consistent

• Function of local prevalence?
• NYC (25-30% prevalence)

• Mt Sinai ~2500 pts/day



Where are all the stokes?

• Two registries recently published…One from China (280 centers) and the other from Barcelona Spain
• China

• 40% drop in stroke admissions during pandemic surge
• Proportion of thrombectomy cases same

• Barcelona
• 23% reduction in admissions
• 330% increase in emergency medical calls
• They report no changes in in hospital metrics (door to need times, door to groin puncture, proportion 

of patients undergoing thrombectomy, neurologic and functional outcomes)

Ahead of Print…this week.



Kansagra, A. P., Goyal, M. S., Hamilton, S., & Albers, G. W. (2020). Collateral Effect of Covid-19 on Stroke Evaluation in the United States. N Engl J Med. doi:10.1056/NEJMc2014816

• Kansagra, Goyal et al.

• RAPID software platform (iSchemaView)

• 231,753 patients who underwent imaging 
processed with RAPID software in 856 
hospitals in the United States from July 1, 
2019 through April 27, 2020



Kansagra, A. P., Goyal, M. S., Hamilton, S., & Albers, G. W. (2020). Collateral Effect of Covid-19 on Stroke Evaluation in the United States. N Engl J Med. doi:10.1056/NEJMc2014816



• WSO monitoring stroke 
numbers worldwide
• Decreased presentations

• Patients afraid to come to 
hospital with milder symptoms

• Nonurgent cases
• Delayed presentations, 

including intervention times

• Sharp reduction number of 
acute stroke admissions
• Chile, Colombia, Iran, Greece, 

UK, Belgium, and Italy
• Reductions in some countries 

50-80%

Markus, H. S., & Brainin, M. (2020). COVID-19 and stroke-A global World Stroke Organization perspective. Int J Stroke, 15(4), 361-364. doi:10.1177/1747493020923472



Neuroendovascular Service March 2019 – April 2020

• Total cases: 2245 
(average 187/month)

• Diagnostic Total: 1353 
(average 113/month)

• Intervention Total: 
892 (average 
74/month)
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Where are all the stokes?

• Strict stay at home orders and fear of going to hospital

• Mild strokes are staying at home? (no sign difference in NIHSS 
presentation)

• Increased social isolation
• Young are less apt to isolate and they are coming in when identified?
• Significant increase in mortality unexplained by COVID19 alone (Excess mortality 

rate)

• Massive increase in emergency calls hampered normal stroke pathway (not 
at comprehensive centers)

• Misdiagnosis

• Stroke numbers may actually have reduced (multifactorial)



UBNS COVID publications

• Pandey AS, Ringer AJ, Rai AT, Kan P, Jabbour P, Siddiqui AH, Levy EI, Snyder KV, Riina H, Tanweer O, Levitt 
MR, Kim LJ, Veznedaroglu E, Binning MJ, Arthur AS, Mocco J, Schirmer C, Thompson BG, Langer 
D; Endovascular Neurosurgery Research Group (ENRG); Minimizing SARS-CoV-2 Exposure when Performing 
Surgical Interventions During the COVID-19 Pandemic. J Neurointerv Surg (epub May 20, 2020 DOI 
10.1136/neurintsurg-2020-016161). PMID 32434798 Free 
article https://jnis.bmj.com/content/early/2020/05/19/neurintsurg-2020-016161.long

• Pandey AS, Ringer AJ, Rai A, Kan PT, Jabbour PM, Siddiqui A, Levy E, Snyder KV, Riina HA,Tanweer O, Levitt 
MR, Kim LJ, Veznedaroglu E, Binning M, Arthur AS, Mocco J, Schirmer CM, Thompson BG, Langer 
D;Endovascular Neurosurgery Research Group (ENRG): Letter: Considerations for Performing Emergent 
Neurointerventional Procedures in a COVID-19 Environment. Neurosurgery (epub May 2, 2020 DOI 
10.1093/neuros/nyaa173) PMID 32358606 Free article https://academic.oup.com/neurosurgery/advance-
article/doi/10.1093/neuros/nyaa173/5828027

• Fraser JF, Arthur A, Chen M, Levitt M, Mocco J, Albuquerque F, Ansari SA, Dabus G, Jayaraman MV, Mack WJ, 
Milburn JM, Mokin M, Narayanan S, Puri AS, Siddiqui AH, Tsai JP, Klucznik RP: Society of NeuroInterventional
Surgery Recommendations for the Care of Emergent Neurointerventional Patients in the Setting of COVID-
19. SNIS Neuro News (epub April 3, 2020). https://www.snisonline.org/wp-content/uploads/2020/03/SNIS-
COVID-Stroke-Protocol.pdf
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• Acute pulmonary embolism (PE)

• Deep-vein thrombosis (DVT)

• Ischemic stroke

• Myocardial infarction

• Systemic arterial embolism

Klok, F. A., Kruip, M., van der Meer, N. J. M., Arbous, M. S., Gommers, D., Kant, K. M., . . . Endeman, H. (2020). Incidence of thrombotic complications in critically ill ICU patients with COVID-19. 
Thromb Res. doi:10.1016/j.thromres.2020.04.013
Klok, F. A., Kruip, M., van der Meer, N. J. M., Arbous, M. S., Gommers, D., Kant, K. M., . . . Endeman, H. (2020). Confirmation of the high cumulative incidence of thrombotic complications in 
critically ill ICU patients with COVID-19: An updated analysis. Thromb Res. doi:10.1016/j.thromres.2020.04.041

31% composite incidence



What does this all mean?

• Increased LVO in young?
• Unclear

• May need higher local prevalence/higher case numbers to identify

• Behavior of clot during thrombectomy suggests something further 
related to underlying etiology

• Systemic Thrombotic complications in severe COVID pts



Is COVID-19 a vascular endothelial disease?

SARS CoV-2 ACE2 R
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How virus invades

• ACE-2 receptor for is found in airway 
and alveolar epithelium, lung 
parenchyma, enterocytes of the small 
intestine, kidney cells, arterial smooth 
muscle, and arterial and venous 
endothelium. 

• T cells directly infected (doesn’t 
replicate)

• Binds via spike-protein
• Similar as SARS virus, 10-20x more affinity 

for binding
https://

Hess, D. C., Eldahshan, W., & Rutkowski, E. (2020). COVID-19-Related Stroke. Transl Stroke Res, 11(3), 322-325. 
doi:10.1007/s12975-020-00818-9
www.nature.com/articles/d41586-020-01315-7
Tang, X., Wu, C., Li, X., Song, Y., Yao, X., Wu, X., . . . Lu, J. (2020). On the origin and continuing evolution of 
SARS-CoV-2. National Science Review. doi:10.1093/nsr/nwaa036

Furin, TMPRSS2 
(Camostat-Denmark), 

Spike protein Ab

Cathepsin L 
(endosomes –
respiratory and GI, 
not endothelium)

Lopinavir/Ritonavir 
– Inh viral proteases
Remdesivir – inh
viral replicase



Zhang, H., Penninger, J. M., Li, Y., Zhong, N., & Slutsky, A. S. (2020). Angiotensin-converting enzyme 2 (ACE2) as a SARS-CoV-2 receptor: 
molecular mechanisms and potential therapeutic target. Intensive Care Med, 46(4), 586-590. doi:10.1007/s00134-020-05985-9

Incr BP, Incr vascular permeability, 
pulm edema, ARDS

BALANCE



AT II (elevated with loss of ACE2R) stimulates ROS



ACE2 pathway and Increased AT1,7 are endothelial protective and reduce ROS

A779 is a AT1,7 inh



SARS CoV-2 ACE2 R

AT 1,7

AT II

ROS



COVID associated Increased Neutrophils…ROS



SARS CoV-2 ACE2 R

AT 1,7

AT II

ROS

PMNs



Review Article: Nutrients and Oxidative Stress: Friend or Foe? Tan et al. Oxidative Medicine and Cellular Longevity 2018



McIntosh et al. Coronavirus disease 2019 (COVID-19): Clinical features and diagnosis. In: 
UpToDate, Post TW (Ed), UpToDate, Waltham, MA. (Accessed on May 30, 2020.)

• Only 1/3 had Fever

• Similar to general Population: 
• Asthma (9%)
• COPD (5%)
• OSA (3%)

• Higher than general population:
• HTN (57%)
• CAD (11%)
• CHF (7%)
• BMI > 30 (42%)



• Endothelial dysfunction from oxygen radical, associated with decreased synthesis and 
increased oxidative inactivation of NO.  

• Critical antioxidant enzymes essential for eliminating reactive oxygen species that can 
inactive NO include superoxide dismutases (SOD), Glutathione peroxidases, catalase, and 
Glucose-6-phosphate dehydrogenase.

• NO is critical to normal endothelial function. It is how AT 1,7 works!
• Connects oxidative stress, endothelial damage, NO, and thrombosis.



SARS CoV-2 ACE2 R

AT 1,7

AT II

ROS

PMNs

H20

SOD 1,2,3+ GTHPX +
Catalase + G6PDH
(Impaired in DM, CVD, 
Morbid obesity)

Thrombosis



• 72 yo, healthy, 6 days out ARDS, ARI, ALOC, sent to ICU.  
• D-Dimer – increases…some sort of coagulation problem
• Massive elevation of VWF (Ag 555%, VWF activity 520%) 

associated with increased Factor VIII (activity 369%)
• VWF is release if there is damage to the endothelium…it is 

subendothelial…but can get into the circulation with 
damage and it is a pro coagulant. 

• VWF binds to Factor VIII in lumen of blood vessels
• Suggests blood clots mediated by very high VWF levels 

and/or Factor VIII
• IgM positive, IgG were negative (indicating an acute phase)
• Release of VWF from Weibel-Palade bodies (only found in 

endothelial cell)

Day 6 Day 21 Day 24 Day 29

D Dimer 0.69 20.63 6.26 1.94



VWF is a surrogate marker of 
endothelial cell dysfunction

Highly multimeric form is not seen 
in health serum but in various 
pathologic settings

ADAMTS13 cleaves and cuts up 
VWF (Zn containing enzyme)…to 
reduce its effectiveness.
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VWF



COVID is a Endothelial disease- Hypothesis

• Virus enters in lungs but becomes systemic in blood

• Binds to ACE2 R in endothelium throughout the body

• Oxidative stress becomes the link
• PMNs increase ROS. 
• Loss of ACE2R Decreases AT 1,7 and increases in AT II further increasing ROS

• ROS damages endothelial and subendothelial tissue
• VWF is released
• Procoagulant and as well as increases viscosity

• Microvascular thrombosis in multiple end organs and increased thrombotic events (PE, 
MI, Stroke)

• DM, CVD, morbid obesity…all share loss of protective pathways for removal of ROS. 
• loss of compensatory mechanism (decreased SOD and GTHPX)…may be relying on renin-

angiotensin system which making these pts vulnerable!

• Inherent Differences in VWF in O blood type



• 5/21/20: 7 lungs during autopsy compared to 7 ARDS H1N1 and uninfected age matched control lungs
• Seven color immunohistochemical analysis, micro CT, SEM, corrosion casting, direct multiplexed measurement of 

gene expression
• Uniquely, the lungs from pts with COVID19 showed distinctive vascular features consisting of severe endothelial 

injury associated with the presence of intracellular virus and disrupted cell membranes.
• Histology of pulmonary vessels showed widespread thrombosis with microangiopathy.
• Alveolar capillary microthrombi were 9 times as prevalent in COVID pt than with influenza (P<0.001).
• COVID pt lungs, New vessel growth (intussusceptive angiogenesis) was 2.7 times higher than influenza (P<0.001).



Fig 1. Lymphocytic infiltration
Fig 2. many capillaries filled with blood clot (arrows) 
preventing oxygen exchange, walls are relatively fine 
(Happy Hypoxic, low O2 sats).



NEJM paper

• SEM found viral particles in endothelial space

• Greater number of ACE2 + endothelial cells in lungs of COVID pts and 
significant changes in endothelial morphology compared to influenza.

• COVID pts endothelial cells showed disruption of intercellular 
junctions, cell swelling, and loss of contact with basal membrane.

• NOTE: VWF is subendothelial release can occur with loss of BM 
contact





SUMMARY: Stroke and COVID-19

• COVID stroke patients seem to have tenacious clots with poor prognosis.  
May need aggressive IA/IV and surgical methods to revascularize.

• Stroke mechanism unknown but may be independent of hypercoagulable 
markers, or related to combo of hypercoagulable state and direct 
endothelial damage (endotheliitis)

• Interventions targeting the endothelium may prove helpful in treating 
COVID-19
• NAC (Sloan, antioxidant, breaks disulfide bonds, anticoagulant )
• AT 1,7 (used in pre eclampsia)
• Aggressive Anticoagulation

• Improved outcomes
• Failures may be related to hyperviscosity
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Treatment Options
Anticoagulation

NAC

AT1,7



Treat with AT 1,7!!!!

AT 1,7 as a treatment option!  And why ARBS might help. 





• All comers no difference in mortality
• SIC (sepsis induce coagulopathy) score of 4 or more (suggests severe case, and 

increased risk for DIC/coagulopathies) and d-dimer >6 fold of upper limit of normal, 
Mortality rates statistically significantly difference (32.8% vs 52.4% (P = 0.017)) if 
receiving heparin gtt (mainly LMWH for 7 days or longer).





AC with in hospital survival

• 3/14/20-4/11/20: 2773 pts with COVID at Mt Sinai

• 786 received systemic AC, median time from admission – 2 days

• Serious bleeding in 3% AC vs 1.9% non AC (P=0.2) and ~40% of the AC 
group bleeds occurred prior to the start of AC.

• AC group more likely to require mech vent (30% vs 8%, p<0.001)

• In hospital Mortality similar: 22.5% AC vs 22.8% non AC

• Median survival increased in AC group 21 vs 14 for non AC

• Multivariate proportional hazard model longer duration of AC was 
associated with reduced risk of mortality (HR 0.86/day, p<0.001)





Covid-19 and hypercoagulable state

• ~ 90% of inpatients with PNA had 
increased coagulation marked by 
increased d-dimer concentration
• Specifically, d-dimer > 1ug/mL 

associated with fatal outcome by 
Zhou et al.

• Proposed mechanisms
• Systemic proinflammatory cytokine 

responses
• Drive plaque rupture through local 

inflammation, procoagulant factors, 
and hemodynamic changes 
predisposing to ischemia and 
thrombosis

Zhou, F., Yu, T., Du, R., Fan, G., Liu, Y., Liu, Z., . . . Cao, B. (2020). Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet, 395(10229), 1054-1062. doi:10.1016/S0140-

6736(20)30566-3



McIntosh et al. Coronavirus disease 2019 (COVID-19): Clinical features and diagnosis. In: UpToDate, Post TW (Ed), UpToDate, Waltham, MA. (Accessed on May 30, 2020.)



Proposed Mechanism
• D-dimer elevation – concerns for pro-coagulable state

• Cytokine storming

• Cardioembolism from virus-related cardiac-injury

• Cardiac injury 20-30% of patients
• Direct invasion

• Sepsis-induced coagulopathy (SIC)
• High d-dimer, elevated fibrinogen

• Precursor to DIC
• Elevated PT and D-Dimer, Thrombocytopenia, without hypofibrinogenemia

Markus, H. S., & Brainin, M. (2020). COVID-19 and stroke-A global World Stroke Organization perspective. Int J Stroke, 15(4), 361-

364. doi:10.1177/1747493020923472
Hess, D. C., Eldahshan, W., & Rutkowski, E. (2020). COVID-19-Related Stroke. Transl Stroke Res, 11(3), 322-325. doi:10.1007/s12975-020-00818-9



Mechanism

• Endothelial dysfunction and micro-thrombosis with organ failure and 
usually no bleeding

• In a multivariate analysis of a retrospective series of 440 severe 
COVID-19 patients, the predictors of 28-day mortality were age, 
prothrombin time, D-dimer levels, and thrombocytopenia.
• Patients with elevated d-dimer or SIC score, lower mortality when treated 

with LMWH

Hess, D. C., Eldahshan, W., & Rutkowski, E. (2020). COVID-19-Related Stroke. Transl Stroke Res, 11(3), 322-325. doi:10.1007/s12975-020-00818-9



Lung, Cardiac, Brain – Is it all related?
• A case series of 3 patients with respiratory failure and high D-dimer levels 

reported transient improvement in respiratory parameters with the use of 
tissue plasminogen activator 
• Microvascular thrombosis – tPA seems to help

• Antiphospholipid Ab
• Reported in 3 patients

• Associated with arterial and venous thrombotic events
• All 3 patients had cerebral infarcts, one with multi-limb ischemia
• All had elevated IgA anticardiolipin antibodies and elevated IgA and IgG beta 2
• Glycoprotein I antibodies with prolonged activated partial thromboplastin times and 

prothrombin times but no lupus anticoagulant

• Unsure if SIC vs. AP ab were the cause of the strokes

Hess, D. C., Eldahshan, W., & Rutkowski, E. (2020). COVID-19-Related Stroke. Transl Stroke Res, 11(3), 322-325. doi:10.1007/s12975-020-00818-9

Wang, J., Hajizadeh, N., Moore, E. E., McIntyre, R. C., Moore, P. K., Veress, L. A., . . . Barrett, C. D. (2020). Tissue plasminogen activator (tPA) 

treatment for COVID-19 associated acute respiratory distress syndrome (ARDS): A case series. J Thromb Haemost. doi:10.1111/jth.14828



Stroke Etiology

• Hypercoagulability from COVID illness

• Cardioembolic from virus related cardiac injury

• Direct vessel injury from viral infection







Anticoagulation protocols

• Add Buffalo Protocol







• How can we help GSHPX to be in reduced form of 2 GSH to take care of this? 
Helping alleviate oxidative stress.

• NAC – antioxidant and disulphide breaking agent
• Highly linked cross linked mucus gels treated with NAC breaks disulfide bonds and reduces 

viscosity. Used by inhaling to break up thick mucus!
• NAC through Acylase I to Cys which recharges GSH (Tylenol overdose toxicity Tx mechanism)



• Article goes on to talk about all the ways GSH can become depleted in the 
body (colds, etc)

• GSH role in ENT conditions (rhinitis, allergic rhinitis, chronic rhinosinusitis, 
otitis media with effusion, chronic otitis media, COM with cholesteatoma, 
tonsillitis, meniere disease, laryngeal conditions, chronic cough are all 
associated with oxidative stress and decreased GSH both locally and 
systemically.

• Decreased GSH levels are also associated with aging as well as a wide range 
of neurodegenerative disorders (Parkinsons Disease, Alzheimer’s disease)

• Significant depletion of GSH has been reported in lung fluids in different 
lung diseases. 



• Randomized double blind trial, 262 subjects (78% >65), 20 centers in Italy for 6 months
• H1N1 flu…both had same amount of flu (placebo and NAC Tx (600 mg BID) had similar 

seroconversion rates)
• 79% had Sx (clinically apparent disease) in placebo  vs 25% in NAC Tx (NNT = 2)
• NAC during winter significant decreased influenza like episodes, especially in elderly. 



• NAC may directly inhibit virus replication
• And decrease production of proinflammatory molecules and IL-6



NAC for all types of ARDS, metanalysis
Statistically significant difference in length of ICU stay
No difference in mortality
No severe adverse reactions.

Comment that removal of reactive oxygen species by anti-oxidants is important and that NAC is the most 
commonly used anti-oxidant.



• NAC for CAP.
• Looked for different levels of oxidative stress (MDA, TAOC, SOD, TNF-alpha) – similar in both groups 

at the start
• Plasma levels of MDA and TNFa decreased statistically significantly in NAC group than Non 

NAC, and a statiscally significant improvement in TAOC (total anti oxidant capacity).
• No NAC related adverse effects



• THIS MIGHT BE VERY IMPORTANT FOR COVID
• Oxidative stress may lead to thrombosis from hypercoagulable state from vWF
• So…NAC might not just help oxidative stress state…but might also address vWF

• NAC – demonstrates a significant decrease in activity of coagulation factors II, VII, IX, and X
• so pts blood would be thinner.



vWF polymerized by Disulfide bonds



NAC has a anticoagulant and platelet inhibiting property in patients undergoing major vascular surgery



• DM exacerbates stroke induced brain injury
• Correlated with brain methylglyoxal to GSH status
• Cerebral injury was reversed by NAC

• Diabetic blood and brain became progressively more susceptible to platelet activation and 
thrombosis.  NAC given after establishment of DM may offer protection against risk of stroke by 
altering both systemic and vascular prothrombic reponses via enhancing platelet GSH, and GSH 
dependent MG elimination as well as correcting levels of antioxidants such as SOD and GPx



• Proteolysis of VWF appears promising to disaggregate platelet rich thrombi and restore vessel patency in acute 
thrombotic disorders such as acute ischemic stroke, acute coronary syndrome, or acute limb ischemia. 

• NAC can reduce intrachain disulfide bonds in large polymeric proteins.
• This study postulated that NAC might cleave VWF multimers inside occlusive thrombi leading to dissolution and 

arterial recanalization.

• RESULTS: demonstrated lysis of arterial thrombi that are resistant to conventional approaches such as tPA, 
direct thrombin inhibitors, and antiplatelet treatment. 

• The effect is augmented by combination with GpIIb/IIIa inhibitor. 
• Large vessel thromboembolic stroke model in mice, improved ischemic lesions size and neurologic outcome 

without worsening hemorrhagic stroke transformation. 





This review only focuses on acute respiratory disorders 
(not vascular disorder with endothelial damage and thrombosis)



Severe disease
Looking for 86 participants, Phase 2 study
NAC IV 6 gm/day up to 3 weeks 



IRB

• Labs: D Dimer, PTT, aPTT, fibrinogen, viscosity, fibrin, CRP, LDH
• VWF Ag and activity, Factor VIII activity

• Tx: 
• NAC - oral

• LMWH anticoagulation

• AT 1,7



Oxidative stress in endothelium
Nanosensors (HUVECs) isolated from blacks and whites
NADPH oxidase expressed more in blacks
May be gender and age difference in redox state.





• Blood vessels become inflamed

• Systemic vasculitis syndrome in childhood (<5 yo)

• Medium sized muscular arteries (including coronary arteries).

• Focus has been because coronary often cause of death…so looked at lesions in other whole organs

• IgA plasma cells infiltrated vascular and non vascular tissues.  Hypothesize primarily vascular issue.

• Hypothesized virus trigger via respiratory or digestive organ is processed by the lymph. 

• Cytoplasmic inclusion bodies identified in bronchial epithelium.

• Also show diffuse alveolar damage. 

• So we have a vascular disease that also causes a lung disease…interesting if we have a lung disease now 
that can also cause a vascular disease. 


