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Pathophysiological mechanisms underlying acute and chronic severe acute Covid-19

A coviID-19 associated myocardial injury:
Acute and chronic pathophysiological mechanisms

Myocardial
Infarction

Thrombosis Autoimmune

Direct viral toxicity Inflammatory Vasculitis Response
Endothelitis Endothelial

Dysfunction A -f Injury
SARS-CoV-2 A —£am.bodles
Macrophage

e T lymphocyte P Viral Myocarditis
ACE;‘) 9 eg.IL-1, L6,
re(;ep el @ 117 IL22 TNF-a Immunothromboss
VA . < ' Neutrophil Extracellular
& 9 IFN, CCLS, CCL2, I Inflammato
Y ) v U @ 5 CXCL-10, CXCL17 el — el
b Poricys ) 9 0 Mo,acmar Myocarditis
Endotrrlehal ° ° Oo ° N MII'I’\!ny
cel Qo4 09 Self-Antigens
o, ~ -
g SN Autoimmune

Myocarditis

_> POTS

[s[€]

l S -
| - e e X
I { e =
| f #
‘ .
SARS-CoV-2 | ! R mRNA Vaccine
live virus titre Ongoing Post induced
| Symptomatic ~ COVID Myocarditis
| COVID Syndrome
[/ Myocardlal
=l S Dysfunction

"week 1' Week2 "Week 3 'Week 4' Week 5" | Week 12 '

Eur Heart J, Volume 43, Issue 11, 14 March 2022, Pages 1157-1172,

B cardiovascular sequelae C Long term cardiovascular outcomes

@ESC

European Society
of Cardiology

Hospitalisation
Recurrent myopericarditis
Heart failure

Stroke / Embolic event

Atrial Fibrillation Aute
Ventricular Tachycardia Coronary
syndrome

Chronic Thromboembolic
Pulmonary Hypertension

D Long COVID symptom trajectory and impact

Vascillating back to
time course baseline relapse
o /'/‘ncomp/eteR\ l’
| recovery | |
N T
\\ ]
A\ /1
\ /]
\ ~ A /
Not recovered/ \ /
feels worse N

¢ Mental health impairment

* Inability to return to work

* Reduced exercise tolerance
* Risk of obesity

Pre-existing comorbidities

CLOXEQRD



Pathophysiological mechanisms underlying acute and chronic severe acute Covid-19

A coVID-19 associated myocardial injury:
Acute and chronic pathophysiological mechanisms

B cardiovascular sequelae C Long term cardiovascular outcomes

5 Myocardial
Infarction
Thrombosis Autoimmune P
4 R y S Hospitalisation
Direct viral toxicity  Inflammatory Vasculitis Response Right Ventricular Recurrent myopericarditis Stroke / Embolic event
; Endothelitis  Endothelial —_—b : :
4 :.; Dysfunction A'f Injury Heart failure
P |
SARS LoV > AA—u£antibodies
Macroph
O ymphocyte A P Viral Myocarditis
ACES ° cymTli_n L A ‘ =
receptor ° Ej? 122 TNFImmunothrombosis — Atrial Fibrillation Acute
Y Yoo : : ' Neutrophil Extracellular &% i i
& © IFN, CCL-5, CCL-2, L X Inflammatory Ventricular Tachycardia Coronary
& " Perioyte °%°(?;CL'10' o Molecliar I Myocarditis syndrome
Endothelial ° °0 ° S Mimicry
cell 900 0. O Self-Antigens
94 °Q 0
Q g > Autoimmune
Myocarditis
Pulmonary Hypertension
— POTS D Long COVID symptom trajectory and impact
Vascillating back to
i Myocardial time course baseline relapse .
L IgM : Scar | “incomplete \ |
/ \ R recovery |\ |
LT . A == ==~ — — — —— =~
{ \\ -~ S ~ ‘7‘ - (‘ﬂqj‘/\/ h /]
I y > g2 » f&;»\// | \ /]
! \\ / ' : ' o e RNA V. \\\ 4]
\ 6 m accine =
SARS-CoV-2 " \/ Ongoi Poct B Y induced Not recovered/ \ //
live virus titre y ngoing oS ) s it feels worse \
’l A Symptomatic ~ COVID Myocarditis = = WX Nl ~~-T2T7°200 4
| covie Syndrome ¢ Mental health impairment

/

ya s A\ /]
"Week 1' Week 2' Week 3' Week 4' Week 5' ' Week 12 '

Vaccination reduces the risk of
Myocarditis

Eur Heart J, Volume 43, Issue 11, 14 March 2022, Pages 1157-1172,

Dysfunction

* Inability to return to work
* Reduced exercise tolerance
* Risk of obesity

Pre-existing comorbidities

CLOXEQRD

@ESC

European Society
of Cardiology



Acute Severity Influences Recovery

Acute COVIID-IQ illness
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(not requiring hospitalization) | (requiring hospitalization J (requiring ICU care)
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Satterfield et al. Cardiac involvement in the long-term implications of COVID-19. Nature Reviews: Cardiology (2021).



VA Health system

153,760 Covid 19 patients
were compared to 5.5 million
controls.

Survived 30 days post
infection
12 month duration

Risk for each increased in a
graded fashion depending on
severity of acute illness

Even young, healthy subjects
with mild symptoms had
increased risk

Xie et al, Nat Med,
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Cardiac Symptoms of PASC

Persistent symptoms may include:

* Dyspnea (40%, 10-70%)
 Palpitations (20%, 9- 68%)

* Dizziness (20%)

Chest pain (20%, range 10 — 50%)

Tachycardia at rest (5%)

Dixit et al, Am H Journ, 5:2021



Specific Cardiac Disorders and PASC

Arrhythmias (~33%)

Myocardial Dysfunction/Myocarditis (~22%, 5 to 50% s

POTS (as high as 30%)

Pericardial Effusion (~5%, 0.5 to 20%)

Autonomic Dysfunction (~10%)

Crook et al, BMJ, 2021



Postural Orthostatic Tachycardia Syndrome
(POTS) and Tilt Table Testing

Increase in Heart Rate > 30 bpm within 10 minutes or Heart rate > 120 bpm without hypotension

Heart rate and blood pressure patterns observed in
head-up tilt table testing

Postural tachycardia

MNeurally meadiated
syndrome (POTS)
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Shown are the heart rate and blocod pressure responses seen during tilt table
testing in patients with wvaricus etioclogies of syncope, including autonomic
failure, neurally mediated syncope, and postural tachycardia syndrome
(POTS). The absence of an appropriate reflex-induced increase in heart rate
as the blood pressure falls is a useful clue to the presence of autonomic
failure. During neurally mediated syncope, parasympathetic (vagal) activity
increases as blood pressure declines, slowing the heart. With POTS, tilt table
testing typically reproduces the clinical symptoms in association with a heart
rate increase =20 beats/mMin or a maximum heart rate =120 beats/min
within the first 10 minutes; these changes are not associated with

hypotension.

*POTS is a complex, multi-system, chronic disorder of the autonomic nervous system.
9
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Consider Conventional Cardiac
Disorders As Well

« Approximately half of patients with PASC have comorbid
conditions such as obesity, hypertension and diabetes mellitus.

« Many infections like Influenza have also been associated with

Increased risk for manifesting Cardiac Disease such as Ml or
Heart Fallure.

* In those with Type 2 MI, 55% have underlying coronary artery
disease

Pavli et al, Arch Med Res, 2021,
52:575



Evaluation of Cardiac Manifestations of PASC

« Examination: rhythm, rub, heart failure
 Laboratories: CRP, troponin

« ECG

* Echocardiogram

» Heart Rhythm Monitor

» Stress Test

« Cardiac MRI

 Tilt Table Test

* 6 minute walk Test

« Cardio-Pulmonary Exercise Test (CPET)



Exercise Capacity was Reduced on CPET
18 Months after SARS-CoV-2 Infection (n=30)

Peak VO,

7.0 ml/kg/min lower with symptoms
(0.3-13.6; p=0.04)*

=8 METs vs 6 METs
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ZUCKERBERG
(,‘, *Adjusted for age, sex, time since SARS-CoV-2 infection, hospitalization for COVID-19, BMI . SAN FRANCISCO GENERAL
LIINC Hospital and Trauma Center




Treatment for Cardiac PASC

 Pericarditis: colchicine +/- NSAIDs for 3 months

« Heart failure with reduced LVEF: Guideline Based Medical Therapy
« Arrhythmia: per rhythm disorder.

« POTS: compression stockings, lifestyle, lvabradine or beta blockers

« Exercise: Recumbent exercise daily. Start with 10 minutes per day and
work up gradually (5 Minutes) over weeks to 30 minutes.

« Support: Reassurance. Death and advanced heart disease are very
rare. Confirm that symptoms are real but that time and the options
above are likely to show improvement. There are multiple studies
underway to find optimal therapy for the condition.

e First, do no harm.

*|If a person has been diagnosed with Myalgic Encephalomyelitis / Chronic Fatigue Syndrome (ME/CFS), then

the NICE (UK guidelines) and CDC recommend against graded exercise. Adaptive pacing technique seems most
helpful (PACE trial).
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Take Home Points:

There are multiple potential mechanisms for Covid 19 infection to manifest
cardiovascular disease post infection.

In PASC, symptoms of dyspnea, chest pain, and palpitations suggestive of
cardiac disgrdgrs are preysepnt in 10 -20090 of patier?ts.p 99

Coincident underlying cardiac disease needs to be considered as well (aka
“collateral damage”).

When non-Covid related disease is excluded, reassurance, rehabilitation,
cognitive behavioral therapy are recommended.

On-going studies regarding pharmacological therapies may offer benefits as well.



Thank You for Your Dedication to Getting Your
Patients Through This Pandemic
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