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Introduction

Post Acute COVID-19 Syndrom ; = ; e )
(PACS) _—

Persistent symptoms and/or
delayed or long-term

complications of COVID-19 ’4;
>4 weeks after symptom onset : /

Health

Nalbandian et al, Nat Med 2021
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Objectives

 Understand the cardiovascular manifestations of Acute COVID-19
disease and Post-Acute COVID-19 Syndrome (PACS)

« Identify patients who may have cardiovascular sequelae in PACS
* Learn management strategies for these patients

SARS-CoV-2 Cell Entry

Viral entry mechanism
of SARS-CoV-2

SARS-Cov-2
Spike.
protein
Receptor-binding
domain (RBD) of
‘spike protein binds.
t0 ACE2

TMPRSSE. S

S @

ACE2: angiotensin converting enzyme-2

TMPRSS2: transmembrane proteinase Host cell
Gupta et al, Nat Med 2020
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Where do we have ACE2?

ACE2 Expression

Central Nervous System Eyes
- Circumventrcular Organs + Pigmented pithelal Cells
- Rod & Cone Photoreceptor Cels

- Mller GlalCells

Heart
+ Cardiofibroblasts
- Cardiomyocytes
+ EndothelialCells.
- pericytes
B Adi

Gheblawi et al, Circ Res 2020
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Where does SARS-CoV-2 attack?

Health

Altounian, Science 2020

COVID-19: Heart Disease & Risk of Severe Infection

Patients on ventilator with COVID-19:

* 71% Male

* 54% Hypertension

* 43% Obese

* 28% Diabetes
. * 19% Coronary artery disease
Early US Experience in NYC .« 13% Asthma

5% COPD

130 patients
Goyal et al, NEJM June 2020

Health

9

Obesity & Risk of Severe COVID-19 Infection

A Adjusted Risk of Primary Outcomes by Obesity Class B Adjusted Risk of Secondary Outcomes by Obesity Class.
aDeathor MV aDeath {hajor Cardiac Event) (Blood Ciofs) Dialysis)
(Mechanicat Ventistion) | aACE 0 = CRRTHD
2
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Normal Classi  Classil  Classil Normal Classi  Classil s
Underweight  Weight _ Overweight Obesty  Obesty  Obsty Underweight Waighi _ Overweight _ Obesity _ Obeaty _ Obasy

o

88 hospitals
>7600 patients

Registry

Health

Early US Experience in NYC

Hendren et al, Circulation November 2020
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Why does COVID-19 cause more harm in heart disease?

oa = e
« Generally sicker population? .\ ;I
corormian] Cariomsia Disaso

* Amount of ACE2 in organs?
« Cardiomyocytes
« Adipocytes
« More socioeconomically
vulnerable population?
« Social determinants of
health

ACE2 expression nrespiratoy airweys:
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Potential Mechanisms of COVID-19 Injury

Viral ntry mechanism
of SARS CoV-2

sansCove
spie
prte
B g
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Dioctsyoio |
e

Host cell

Dysreguiation of
the RAAS

| Endomnotalcoldamage |

Dysreguiated immune
and thromboinfammation | fosponse

Cuervo & Grandvaux, eLife 2020
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Gupta et al, Nature Med 2020
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COVID-19: Cardiovascular Manifestations Myocardial Injury: Damage to the Heart Muscle

Incidence (%) of myocardial injury in COVID-19
Defined as

A e elevations in blood e
Myocardial injury & myocarditis biomarkers - —

« Acute coronary syndrome (troponin, BNP) -

* Heart failure Common in ol

« Arrhythmias & sudden cardiac arrest hospitalized -]

COVID-19 patients
» Coagulation abnormalities & thrombosis

Average ~20%

Guzk et al, Cardiovasc Res 2020 ‘Sandoval et al. JACC 2020
Health Health

14

13 14

Myocardial injury increases risk of death in hospital Myocarditis: Inflammation of Heart Muscle

Kaplan-Meier Survival Analysis
Stratified by Troponin Group

100 patients recovered from
COVID-19:

z 78% with abnormal CMR
E Uo“ 60% with ongoing
; % i S inflammation
H o Not associated with
@ » e severity of symptoms
= om-00a (rtse)
= ~008 0520
00 = 10 days
o Days St Hosptatzaion Cardiac MRI (CMR)
Health Lala etal. JACC, 202(‘)5 Health Puntmann et al, JAVA Cardiology 2020 ;

Myocarditis: Less Common than Initially Feared SARS-CoV-2 in Myocardial Tissue

WISCONSIN
But larger pathology
studies in autopsies
suggest COVID-19
myocarditis is rare

145 college athletes
recovered from COVID-19:
* Only 2 (1.4%) with

myocarditis on CMR Halushka et al, Cardiovasc Path 2020

Cardiac MRI (CMR)

Health Starekova et al, JAMA Cardiology 2021 Health Tavazzi et al, Eur J Heart Failure 2020
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Acute Coronary Syndrome / Myocardial Infarction

Other Any thrombotic ~ No thrombotic
ovt Stroke m event® event
Allhospitalized patients (ICU and non-ICU) (n = 3334)
Events, No. (%) 106(.2) 12939) 54(16) 32(10) 533(160)  2801(84.0)
All-cause mortality, No. (¥)°  40(37.7) 3679) 2067 153613) 11644 20432 587210

Bilaloglu et al, JAMA 2020

Risk of myocardial infarction (MI) ~5x higher
in first 14-days of COVID-19 infection

(&)

JAMA Cardiology | Brief Report

Assessment of Neutrophil Extracellular Traps in Coronary Thrombus
of a Case Series of Patients With COVID-19 and Myocardial Infarction

Modin et al, Circulation 2020

0, P

Ana Blasco, D, i
Royuela, PRD;Eira Ram,PhD: iego Grca, MLT; Jaie Golcole, MD: Mara el Tigo, D, P
Javer Ortea, MD; Juan M. Escudier, MD: PR Loenzo Sia, MD: Carmen Belas, MD, PO

Blasco et al, JAMA Cardiology 2020

Heart Failure in COVID-19

« Echocardiograms of 100 consecutive
patients admitted with COVID-19 (Israel):
+68% abnormal
« Right ventricular dilation/dysfunction: 39%
- Left ventricular systolic dysfunction: 10%
118 consecutive patients (NYC)

« 4.5% with stress-induced cardiomyopathy
(Takotsubo / "broken heart syndrome”)

7=V

Health "

Health

Szekely et al, Circulation 2020
Guistino et al, JACC 2020
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Arrhythmias & Sudden Cardiac Arrest in COVID-19

E B pe—
3.
i
= I I I I [ ——
it o
Atrial fibrillation appears to be most None o530
common arrhythmia in hospitalized
COVID-19 patients
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Arrhythmias & Sudden Cardiac Arrest in COVID-19

* AFib & New AFib
incidence similar in both
hospitalized COVID-19
& influenza

 Useaf sero

Mortality Associated with AFIAFL
covws» I #7177
I

s B85 173
—

nd manual chart eview in COVID-I5

absolutersk

inCOVID-I9,..,, . Relative and
-

Musikantow et al, JACC EP 2021

Bhatla et al, Heart Rhythm 2020
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ir et al, J Interv Card iol 2020 ”
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Blood Clotting Abnormalities in COVID-19

22

Clinical Practice Guidance for

CLA Inpatient Cardiology Consult Team

Other Any thrombotic ~ No thrombotic
PE ovT Stroke m event® event
‘Allhospitalized patients (ICU agd non-1CU) (n = 3334)
Events, No. (%) 1066.2) 12939) 54(16) 298(89) 32(10) 533(160)  2801(840)
All-cause mortality, No. (%)° ~ 40(37.7) 3627.9) 2067 153613) 11644 20432 587210

Bilaloglu et al, JAMA 2020

PE: Pulmonary Embolism (Clots in Lungs)
DVT: Deep Vein Thrombosis (Clots in Large Veins)

Autopsy study of COVID-19 Patients:
* 4outof 12 had PE
* T7outof 12 had DVT
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Wichmann et al, Ann Int Med 2020
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Cardiovascular Effects of COVID-19: Long-Term?

Popular  Latest The Atlantic Signin

COVID-19 Can Last for Several Months

‘The disease’s “long-haulers” have endured.reléfitless waves of debilitating symptoms—and disbelicf from doctors

and friends.

PACS: Symptoms Persist Post-Discharge

Symptoms_ Acute COVID-19 phase | Post-COVID-19 folow-up.
Ftigue

2 months after Hospital Discharge:
« 87% of patients still with at least
one COVID-related symptoms

* ~20% with Chest Pain

Story by Ed Yong sneazono | wewiri
Follow-up ~60 days
o @ 0w
Carfi et al. JAMA 2020.
Health Health
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PACS: Potential Cardiovascular Manifestations

#longcovid grovp

(- Myocarditis or pericarditis

+ Microvascularangina

+ Gardiacarrhythmias, including atrial flutter and atrial
fibrillation

\__syndrome.
Wit cel actvation syndrome
+ Interstitial lung disease

venous thrombosis)
+ Myelopath
- Renal impairment
- New-onset diabetes and thyroiditis
+ Hepatitis and abnormal liver enzymes
+ New-onset allergies and anaphylaxis h
+ Dysphonia Myocardial Ischemia

Postural Orthostatic Tachycardia
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COVID-19: Cardiovascular Presentations

Unmasking a Condition? Causing a Condition?

- Coronary artery disease / Ischemia - Myocarditis / Heart Failure
« Atrial fibrillation « Pericarditis

-POTS

Syndrome (POTS)
Goma et al, Lancet, Dec 2020
Health Health
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Post Acute COVID-19 Cardiovascular Care
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CASE #1:

Objectives
« Rule out high-risk cardiovascular conditions
+ Myocarditis
- Severe coronary ischemia
« Ventricular arrhythmias
- Diagnose and manage symptomatic conditions
- Pericarditis

- Dysautonomia / POTS
« Arrhythmias (i.e., atrial fibrillation)

48 yo F with COVID-19+ in May 2020
« Intermittent chest pain x weeks
«TTE in June 2020: Normal

- Chest pain improved over summer, but
returned in winter. +Palpitations, +Dyspnea. Lv

«ECG normal
- Cardiac MRI in Jan 2021:

- Abnormal delayed enhancement in mid-
myocardial segment of inferior LV

Cardiac MRI

Health

Health
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Rule Out High-Risk Condition: Myocarditis

+ Clinical Features:
« Heart Failure symptoms (shortness of breath), chest pain, palpitations
* Laboratory Findings:
« 1 Troponin/CK-MB and/or BNP, possibly 1 CRP & ESR
* Imaging Findings:
- ECG: ST-T segment abnormalities
- Echo: thickened myocardium, decreased LVEF, regional abnormalities
« Cardiac MRI: myocardial edema, non-ischemic injury (i.e., LGE)

Rule Out High-Risk Condition: Myocarditis

+ Diagnosis:

« Clinical syndrome of myocarditis (e.g., chest pain, dyspnea) PLUS
objective evidence of myocardial injury (e.g., biomarkers, imaging)

Maron et al. Circulation 2015.
Kim et al. JAMA Cardiology 2021.

* Management

- Exercise Restriction for 3-6 months
- Reassess for resolution of inflammatory markers & imaging abnormalities

- Guideline-directed medical therapy for heart failure if LVEF is reduced

Health

Health
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65 yo M with COVID-19+ in July 2020

CASE #2:

« PMH: ESRD on HD (Kidney Tx listed), HTN, DM
- Hospitalized in ICU, no intubation
« Troponin | peak 1.1 ng/ml
«ECG no ischemic changes; TTE normal
«Nuclear Stress Test (Oct 2020): Abnormal
« Coronary Angiogram (Nov 2020):

- Severe distal LAD & moderate RCA & LCx disease

RCA
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Rule Out High-Risk Condition: Severe Ischemia

+ Clinical Features:
« Chest pain, palpitations
* Laboratory Findings:
« 1 Troponin, CK-MB
* Imaging Findings:
- ECG: ST-T segment abnormalities
- Echo: regional wall motion abnormalities, decreased LVEF

- Stress Testing: suggests stress—induced ischemia

Health Coronary Anglogramsu

Health
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Rule Out High-Risk Condition: Severe Ischemia

* Management:
« Aspirin, high-intensity statin
« Consideration of revascularization
- Aggressive risk factor modification
- Cardiac rehabilitation

34

Rule Out High-Risk Condition: Ventricular Arrhythmias

+ Clinical Features:
« Chest pain, palpitations, dyspnea, syncope
* Laboratory Findings:
«  Non-specific
» Imaging Findings:
- ECG: frequent PVCs or non-sustained VT
- Echo: regional wall motion abnormalities, decreased LVEF
« Ambulatory ECG monitoring: frequent PVCS or non-sustained VT

Health

Health
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Diagnose/Manage Conditions: Pericarditis

+ Clinical Features:

« Sharp positional chest pain, dyspnea. +Friction rub on exam.
* Laboratory Findings:

« 1 CRP/ESR, 1 Troponin/CK-MB (if myopericarditis)
* Imaging Findings:

- ECG: diffuse ST-T segment elevations with PR depression

« Echo: thickened pericardium +/- pericardial effusion

« CT/MRI: thickened pericardium +/- pericardial effusion

Diagnose/Manage Conditions: Pericarditis

* Management:

« Medications: NSAIDs, Colchicine, Corticosteroids (if refractory to above
measures)

- Exercise Restriction

Health

Health
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Diagnose/Manage Conditions: POTS

* Clinical Features:
- Palpitations, lightheadedness

- Inappropriate sinus tachycardia, sustained HR increase >30
beats/min within 10 minutes of standing

* Laboratory Findings:

- Non-specific, but evaluate for other causes of orthostatic hypotension
including anemia, electrolyte disorders, thyroid disease, adrenal
hormone abnormalities, elevated catecholamines

38

Diagnose/Manage Conditions: POTS

* Management:
- Aggressive hydration, including sodium intake
« Counterpressure maneuvers
- Compression garments
« Isometric exercises
« Breathwork

- Avoidance of exacerbating factors

« Consideration of medication (? Ivabradine)

Health

Bryarly MD... Levine BD. JACC 2019

Health
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Diagnose/Manage Conditions: Arrhythmias

 Clinical Features:
- Palpitations, lightheadedness
* Laboratory Findings:

- Non-specific, but evaluate for other contributing factors including
anemia, electrolyte disorders, thyroid disease, adrenal hormone
abnormalities, elevated catecholamines

» Diagnostic Studies:
- ECG, Ambulatory ECG, Exercise stress test

40

Diagnose/Manage Conditions: Arrhythmias

* Management:
- Consideration of rhythm and/or rate control strategies
- Consideration of anticoagulation

Health

Health
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UCLA COVID Cardiology Program: Protocol
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Final Thoughts

+ Cardiac Symptoms in PACS are common, but clear
pathology appears uncommon

* Given current uncertainties, prudent to evaluate for high-risk
conditions in symptomatic patients

* Encourage COVID-19 vaccination!
« Still Learning...

Health

Health
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