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Severe COVID-19 Manifestations

Recruitment of macrophages and neutrophils
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Occurrence of Cytokine Storm (i.e. increase in inflammatory markers, mainly IL-6)
is @ marker of progression towards severe disease.

MGH Grand Rounds, March 14th, 2020
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Pathogenic Changes Observed in Lungs of COVID-19 Patients

Hyaline membrane Interstitial mononuclear Thrombus in pulmonary
formation (blue arrow) inflammatory infiltrates arterioles (black arrow)

Pathological features in lungs greatly resemble those seen in SARS and MERS infection

Bilateral diffuse alveolar damage with cellular fiboromyxoid exudates is commonly observed

Yao et al. Chinese Journal of Pathology.2020



Mechanisms of Cardiac Injury
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Mechanisms of coagulopathy in COVID-19
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- Acute illness - Liver injury - Pulmonary microthrombi
- Bed-ridden, stasis - cKD - Intravascular coagulopathy
- Genetics - COPD - Myocardial injury
- Fever - HF -t Cardiac biomarkers
- Diarrhea - Malignancy
- Sepsis

Venous Thomboembolism

Myocardial Infarction
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SUPERINFECTED

Tissue factor
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Lymphopenia ‘
Inflammatory cytokines -t D-dimer, FDPs, PT Disseminated Intravascular
tIL-6, CRP - | Platelets Coagulation

Bikdeli B, et al. J Am Coll Cardiol. 2020




Hypercoagulability in COVID-19 Patients

Table 3 Multivariate correlative factors of 28-day mortality in severe COVID-19 28-day Mortality

Multivariate analysis . N H inU
on-Heparin users

Odds ratio (95% Cl) P value 7 ' . Heparin Users
ge 1.033 (1.013-1.055) ) g 0
Sex ratio 0.677 (0.425-1.078) g o
With underlying diseases 0.861 (0.538-1.379)
reating with heparin 1.647 (0.929-2.921)
Prothrombin time 1.107 (1.008-1.215)

0.996 (0.993-0.998)
1.058 (1.028-1.090)

Coagulation Abnormalities Associated with
28-day Mortality in COVID-19 patients.

Tang et al.; ) Thromb Haemost, 2020



Anticoagulation and survival

2,773 patients hospitalized with laboratory confirmed COVID-19
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Anticoagulation Guidance for COVID-19

If thrombosis is the major reason for multiorgan failure,
then anticoagulation is important.

CoviD-19
Death

Potential for increased risk
of VTE, and adverse outcomes:

Moderate / Severe

- Age covID-19
- Bed-ridden, stasis

- Inflammatory response, VTE Prophylaxis,
endothelial injury if not contraindicated
- Hemostatic
abnormalities, DIC Mild COVID-19 Infections

Asymptomatic, tested, SARS-Cov2+ Infection

Asymptomatic, Untested, and SARS-CoV2 + [vector])

SARS-CoV2 - [uninfected population)




COVID-19 & Anticoagulation

 When to start? Early

* Which drug? LMWH

* Which dose? Prophylaxis (early)

* How long? 2 weeks post discharge (NOAC)



Oral Anticoagulant Therapies and Drug-drug interaction: Considerations in COVID-19 Patients

Table 4. Potential Drug Interaction: Between Anticoagulants” and Investigational Therapies for COVID-19

Oral Anticoagulants
Investizational COVID-19 e . .
fres E:'.[hc;:npies Vitamin K anfagomsts Dabigatran Aprxaban

Betnxaban Edoxaban Rrvaroxaban

CYPICY induction: P-gp inhibition: CYP3A4 and P-gp mnhibition: P-zp and ABCBI1 inlabition: Ps mJ:ubmon

T Rit . May decrease plasma concentration. Adjust May merease plasma Adrinster at 30% of dose Decrease dose to 80 mg once Do ': dminict CYP3A4 and P-gp mhibition:
v SR dose based en INK. concentration. No dose (do not adnumster if imuhial dose 15 2.5 followed by 40 mg once daly noteo-a = Do not co-admimster

adjustment recommmended meg twice daily)i

Reported increase in expreszsion of Reported increaze in exprezsion of 3A4
3A4 (major pathway): No dose (major pathway): No dose adustment
adjustment recommendead recommendsd
Tnkmorn mechanism:

Decreased dose may be neaded
Mechanizm not well lmown:
Posably decreased absorption of warfarm m
the presence of nbavinm (166}
Increased dose may be needed

. — Tnknovwn mechanizmn:
st e Decreazed dose may be needed

" r Feported increase in expreszion of
e bl CYP3A4 (major pathwray): No dose
adjustment recommendad

P P-zp inhibition:
. . , _ P-gp inhibition: P-gp inhibition: VTE: Limt dose to 30 mz
. 2 Unlmown mechanizm: Decreased dose may May increzse plasma . L
Azithremmpein ; . - - S Deacrease dose to 80 mg once daily.
- be neadad concentration. No dose L T e T
- . followed by 40 mg daily Nop-valvular AF: No dose
adjustment recommmended o
recommendation
Hydroxychloroquine and B
Chloroqune -

Feported increase in expreszion of
CYP3A4 (major pathway): No dose
adjustment recommendad

Otther drugs bemng studied to treat COVID-19 inchide bevactzrumab, dJ_DIDC'I.lI.D.Eh\le\:\ rchloroquine, eculimmmab, fingohmod, losartan, and porfenidone. Dhmg-dmg interactions between these medications and oral anticoagulants have yet to be identified Bevacizumab
has been reported to cause deep vem thrombeosis ($%), artenal thrombosis (3%0) and pulmeonary embobism (1%0). It 15 also reparted to canse thrombocytopenia (58%)
argatroban, and fondapanmix) are non CYP metabolized and don't inferact with any of the imvestizational agents

FParenteral anticoagulants (including unfractonated or low-meolecular weight hepanns, brvaliadin
“Reported with interferon alpha. 7These recommendations are based on the U5, package insert. The Canadian package insert conaiders the combmation of
these apents tobecouﬂ?—_mdlc.—_led. I Interferon l'_a_. been reported to canse pubmonary embolism (=3%), thrombosis (=3%), decreased platelet count (1-15% with Alfa-2b formmlation), and tschemie stroke (=5%%). § Sarilumab has been reported to cause decreased platelet
count, with decreases to less than 100,000 mm’ in 1% an 0.7% of patients on 200 mg and 150 m= doses, 1espectively. CYP: Cytochrome P system.

Bikdeli et al. JACC 2020




Mortality of Patients with COVID-19 +/- CVD

Myocardial injury is significantly associated with
fatal outcome of COVID-19

The prognosis of patients with underlying CVD but
without myocardial injury is relatively favorable.

-
-

Inflammation may be a potential mechanism for
myocardial injury.

It is reasonable to triage patients with COVID-19 according to the presence of underlying CVD and evidence of

myocardial injury for prioritized treatment and even more aggressive strategies.

Guo et al., JAMA, 2020
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Troponin and BNP Use in COVID-19

Mar 18, 2020

« Clinicians are advised to only measure troponin if the diagnosis of acute Ml is being considered on clinical
grounds and an abnormal troponin should not be considered evidence for an acute Ml without corroborating
evidence

» Use of echocardiography or coronary angiography for COVID-19 patients with myocardial injury or elevated
natriuretic peptide should be restricted to those patients in whom these procedures would be expected to
meaningfully affect outcome.

* No data exist to suggest benefit from anti-platelet or anticoagulant therapy for those with acute myocardial
injury with the exception of those with Type 1 M.



Journal of the American College of Cardiology
March 2020
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CARDIOVASCULAR MEDICINE AND SOCIETY

Just Accepted
Catheterization Laboratory Considerations During the Coronavirus (COVID-19)

Pandemic: From ACC's Interventional Council and SCAI

Frederick G.P. Welt, Pinak B. Shah, Herbert D. Aronow, Anna E. Bortnick, Timothy D. Henry, Matthew W. Sherwood,
Michael N. Young, Laura J. Davidson, Sabeeda Kadavath, Ehtisham Mahmud, Ajay J. Kirtane and American College of
Cardiology's (ACC) Interventional Council and the Society of Cardiovascular Angiography and Intervention (SCAI)

Deferral of all elective coronary, structural and vascular diagnostic/interventional procedure among stable patients
with non-lifethreatening conditions

In NSTEMI, efforts should be made in differentiating type 1 vs. type 2 MI.

In NSTEMI, medical management should be considered appropriate except in unstable pts (ongoing chest pain,
hemodynamic or electrical instability secondary to the ACS).

Fibrinolysis to be considered an option in low-risk STEMI patients with confirmed COVID-19

If primary PCI for STEMI and unknown COVID19 status, personnel should wear appropriate PPE during the case.



Oral Antiplatelet Therapies and Drug-drug int

action:

Considerations in COVID-19 Patients

Table 3. Potential Drug Interactions Between Antiplatelet Azents” and Investizational Therapies for COVII

Investigational COVID-19

P2Y; Platelet Receptor Inhibitors

Phosphodiesteraze ITI
Inhibitor

Therapies
Lopinavn/

Mechanizm of Action of COVID-19 Therapy

Clopidogrel '~

Prasugrel ©

Ticagrelor *

Cilostazol

Ritonavir

Lopmavar s a protease mhabitor; Ritonavir inhabits CYP3 A4 metabohsm
increasing lopmavir levels

CYP 3A4 Inhibition (minor pathway):
Reduction m clopidozrel active metabolite.
Do not co-admimister or if availzble unhze

P2Y); platelet function ass; x
montonng T With linmited clmc
prasugrel may be considered as al
1f no contramdications

CYP3A4 Inhibition: Decreased

active metzbolite but mamtamed

platelet mhibition. Can admumster
with caution

CYP3A4 Inhibition:
Increased effects of icagrelor
Do not co-admims
available utihize P2V,
monitonng or consider dose-
reduced ticagrelor®

CYP3aA4 In}ubmon

Nucleotide-znalog mhubitor of RNA-dependent RN.

A polymeraszes

Reported inducer of CYP3A4 (minor
pathway): No dose ad;
recommended.

Reported inducer of CYP3A4
(major pathway): No doze
adjustment recommended

Reported inducer of
CYP3A4 (major pathway):
No dose adjustment
recommended.

Reported inducer of
CYP3A4 (major pathway):
No dose adjustment
recommended.

Inhabits IL-6 receptor: may potentally nutizate cytokine release syndrome
symptoms in seversly ill patients

Reported increase in exprezsion of 2C19

(major pathway) and 1A2, 2B6, and 3A4
(minor pathways: No dose adjustment

recommended.

Reported increase in expression of
3A4 (major pathway) and 2C9 and
2C19 (munor pathway): No dose
adjustment recommended.

Reported increase in
expression of 3A4 (major
pathway): No dose
adjustment recommended.

Reported increase in
expression of 3A4 (major
pathway): No dose

Binds specifically to both soluble and membrane-bound I -6Rs (sIL-6Ra and
mIl -6Ra) and has been shown to mhibit IL-6-mediated siznaling: may
potentially mifizate cytokine release syndrome symptoms m severely 1ll

pahents

Reported increase in expression of 3A4
(minor pathways: No dose adjustment
recommended

Reported increase in expression of
3A4 (major pathway): No doze
adjustment recommended.

Reported increase in
expression of
CYP3A4(major pathway):
No dose adjustment
recommended.

adjustment recommended.
Reported increase in
expression of 3A4 (major
pathway): No dose
adjustment recommended.

T fmtonn= of P2Y

levels can be asse
2353y monitonng 15 not commonly practiced

Other drugs bemng studied to treat COVID-19 inchide azthromycin. bevacizumab, chloroqune/hydroxychloroquine. eculizumab. fingolimod. mterferon. losartan. methylpredmsolone, pufemidone, and nbavinn. Drug-drug mterachions between these meds
antiplatelet agents have yet to be identified *Canzelor. aspinn, dipyridamole, and glycoprotein IIb/IIla mbubitors (eptifibatide. tirofiban. abeixamab) are not known to mteract wath mvestzational therapies for COVID-19.
ssed tmoudn the VenfyNow assay. or others. Evaluation of effect of protease inhubitors on P2Y'12 inhibitors has not been extensively studied Dose reduction racommendations for P2Y

cations and

» inlubitors or P2Y12 platelet functhon

Bikdeli et al. JACC 2020




Don’t forget....

* Most COVID-19 patients are asymptomatic/mild symptomes.

e Patients with cardiovascular disease and with cardiovascular risk
factors (i.e., HTN) more commonly affected.

* Many of these patients already on antiplatelet therapy.

* Don’t switch therapy if patient is asymptomatic/mild symptoms!




