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Disclaimer

* The views expressed in this presentation are those of the author and
do not necessarily reflect the official policy or position of the

Department of the Navy, the Department of Defense, or the U.S.
Government.
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Cardiovascular Complications of COVID-19

CENTRAL ILLUSTRATION: Coronavirus Disease-2019 Stages

Acute Convalescent Chronic

CUMICAL SCENARIO 1: CHEST PAIN AND ABNORMAL ECG
STEME: vasive angiograpiry. Equivecal if ALS: Echocandograpivy +/- corenary CTA ; Kngwn CAD: Consider functional testing (e.9 . vasoddator SPECT, PET, CMR)

CUMICAL SCENARIO 3: NEw LErT VINTRICULAR Dy Sr UncTion

chocaedograpivy | Candiac MBS | Coronary CTA
: SCINARIO 4: SUBACUTL/CMMONK PeASE

Al maging tests / chokce dependh on clinical guestion

=21 Days \/ Months ‘/\ Years =

Rudski, L. et al. J Am Coll Cardiol. 2020;76(11):1345-57.
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Cardiac Evaluation in COVID-19

Initial Diagnostic Approach
History & Physical Chest x-ray Biomarkers

12-lead ECG

Rudski L, et al. J Am Coll Cardiol 2020; 76: 1345-1357.
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“"Return to Play” (RTP) Algorithms
- Based on age, COVID-19 severity, and symptoms.

« Cardiac testing for athletes with moderate or severe COVID-19:
= Troponin, electrocardiogram, and/or echocardiogram
= Cardiac MRI reserved for suspected myocardial injury

* Three proposed RTP algorithms:
= Athletes in competitive high school sports
= Adult athletes in competitive sports
= Recreational masters athletes



| Positive COVID-19 test
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Asymptomatic \ Mild symptoms Moderate symptoms (with or without CV \ Severe symptoms: hospitalized
L I 1 symptoms): nonhospitalized l
' Self-isolationand | Self-isolation and rest .
rest and no and no exercise for 10d m&ETmi:fnl;nt o
exercise for 10d from symptom onset Cardiac imaging
from positivetest | yuct have full [
CV testing not resolution of symptoms From symptom onset, 210 d of self-isolation
O Oltestgumecesary, | (L omotons mpoieafver s aben o 1 1
but individualized symptam resalution N Normal Clinically significant
consideration for CV cardiac injury diagnosed
testing reasonable,
particularly for l
md':é?d course Rest and no exercise while Follow RTP guidelines
symptomatic based on myocarditis
l After symptom resolution, 2 more
. . . weeks convalescence (no exercise)
With RTP, slow and graded escalation of ‘4_ Normaltest || Crtaton oY e e Evalution by medical professiona e
activity per athletic trainers results ECG, hs-cTn, echocardiogram Cano!'hc durl activity under guidance
testing during of health care and
| convalescence if not done while athietic training team
hospitalized L
’ Abnormal test results if cardiac test results
l are normal
Consider repeated hs-cTn testing
s New CVSY'“T*“S elor Consider adjunct CMR New CV symptoms develop
c“&‘g‘:‘g’_’(‘.‘r‘:ﬁﬂm . CMR-confirmed myocardial injury and edema Repeat evaluation and testing,
o e nsl i CM'R ~ or higher index of suspicion of cardiac injury? likely to include CMR

Yes| No

!
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Follow RTP guidelines
based on myocarditis

ambulatory rhythm monitoring

Consider exercise testing and extended

Consider alternative
pathology

Kim JH, et al. JAMA Cardiol 2020. doi:10.1001/jamacardio.2020.5890.
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Cardiac Troponin (cTn) Electrocardiogram (ECGQG)
« Detect subclinical myocardial injury « Common diagnostic tool
* High-sensitivity cTn (hs-cTn) * Low sensitivity and specificity
recommended « High prevalence of anomalies in
* No established reference range for athletes
athletes - Abnormalities related to myocarditis:
- Canbe released_ after prolonged or = Complex ectopy or ventricular arrhythmias
strenuous exercise = ST-segment and T-wave changes
Do not measure within 24-48 hours of . Left bundle branch block
exercise

= Atrioventricular block

Phelan D, et al. J Am Coll Cardiol Cardiovasc Imaging 2020; 13: 2635-2652.




ECG Interpretation in Athletes

Normal ECG Findings Abnormal ECG Findings

Increased QRS voltage for
LVH or RVH

Incomplete RBBB

Early repolarization/ST
segment elevation

ST elevation followed by
T wave inversion V1-V4 in
black athletes

T wave inversion V1-V3
age <16 years old

Sinus bradycardia or
arrhythmia

Ectopic atrial or junctional
rhythm

17 AV block

Mobitz Type | 2" AV block

T wave inversion

ST segment depression
Pathologic Q waves
Complete LBBB

QRS = 140 ms duration
Epsilon wave

Ventricular pre-excitation
Prolonged QT interval
Brugada Type 1 pattern
Profound sinus bradycardia
< 30 bpm

PRinterval 2 400 ms
Mobitz Type I1 2° AV block
3" AV block

22 PVCs

Atrial tachyarrhythmias
Ventricular arrhythmias

AV = atrioventriular block; LBBB = left bundle branch block; LVH = left ventricular hypertrophy; RBBB = right bundle branch block;
RVH = right ventricular hypertrophy; PVC = premature ventricular contraction; SCD = sudden cardiac death.

Sharma S, et al. J Am Coll Cardiol 2017; 69: 1057-1075.




12-Lead ECG
Tt -— — hs-cTn
f R s i i
o o

Transthoracic Echo

\
Consider Exercise-induced Cardiac Remodeling

1

Non-COVID-19 . Cilcal Concan | Permit graded
related pathology / | 1 l\‘ -Nomat7re | Feturn to play
* Normal ECG

v dysmn.n.bm = + Normal hs-cTn

* Myocarditis RV dysfunction: Pericardial disease il hes-4

« Ischemic inj i ; « Pericardial Effusi * Post-isolation

schemic injury * RV strain from acute hypoxia encardiat on with resolved
« Stress cardiomyopathy « Pathologic RV dilation (pericarditis) i

Ongoing clinical concern

Cardiac Magnetic Resonance

+ Gold standard assessment of LV/RV structure and function and myocarditis/pericarditis

+ Diagnosis of myocarditis predicated on demonstrating injury (increase in T1, ECV,
or presence of LGE) and inflammation (elevated T2)

« Diagnosis of pericarditis predicated on pericardial enhancement +/- presence
of pericardial effusion

« Should be done at experienced centers

Phelan D, et al. J Am Coll Cardiol Cardiovasc Imaging 2020; 13: 2635-2652.




Increasing Static Component

Exercise-Induced Cardiac Remodeling (EICR)
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Low = High
A. Low (<50%) B. Moderate (50-75%) C. High (>75%) |ncreas]ng Dynamk Component

Increasing Dynamic Component —————————»

Baggish AL, et al. J Am Soc Echocardiogr 2020; 33: 523-549.
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Myocarditis Recommendations

 Athletes should not participate in competitive sports while active
inflammation is present, regardless of age, gender, and left ventricular
function (Class ).

+ Before returning to competitive sports, athletes should undergo resting
echocardiogram, 24-hour Holter monitoring, and exercise ECG no
less than 3 to 6 months after the initial iliness (Class ).

Maron B., et al. Circulation 2015; 132: e273-e280.
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Myocarditis Recommendations

* |tis reasonable for athletes resume training and competition when the
following criteria are met (Class lla):
= Cardiac biomarkers have normalized.

= Ventricular systolic function has normalized.

= Clinically-relevant ectopy and arrhythmias are absent on Holter monitor and graded
exercise ECG.

* |tis unresolved whether resolution of myocarditis-related LGE should
be required to permit return to competitive sports.

Maron B., et al. Circulation 2015; 132: e273-e280.



GRADUATED RETURN TO PLAY PROTOCOL

UNDER MEDICAL SUPERVISION

: TRAINING : TRAINNGOF TRAINING
NI
DESCRIPTION INCREA
PROGRESSION TO RESUME
EXERCISE MORECOMPLEX ~ NORMAL TRAINING ARSI
ALLOWED 'rmmr'n ACTIVITIES
9% HEART <80% <80% RESUME NORMAL
TRAINING
RATEMAX ' ' PROGRESSIONS
DURATION 0 . TRAINING
<45 MINS <60 MINS
EXERCISE, RESTORE
CONFIDENCEAND ~ RESUMENORMAL
OBJECTIVE b ASSESS TRAINING
SKILLS/TACTICS FUNCTIONAL
SUBJECTIVE SUBJECTIVE SUBJECTIVE
MONITORING RESTING HR. - RESTING 1R - RESTING HR -
PRRS, RPE PRRS, RPE PRRS, RPE

ACRONYMS: I-PRRS (INJURY - PSYCHOLOGICAL READINESS TO RETURN TO SPORT); RPE (RATED PERCEIVED EXERTION SCALE)
NOTE: THIS GUIDANCE IS SPECIFIC TO SPORTS WITH AN AEROBIC COMPONENT

Elliott N, et al. Br J Sports Med 2020; 54: 1174-1175.




Minimum of 7 days at each phase Drop back a phase if finding it difficult Only move up when progression criteria are met

Phase 3 Phase 4 Phase S
Goal: moderate intensity Goal: moderate intensity Goal: baseline exercise
aerobic and strength aerobic and strength Exercise: return to regular
challenge challenge with exercise pattern
Exercise: an example would co-ordination and Suggested RPE: >15 as
be 2 intervals of S minute functioning skills tolerated

aerobic exercise separated Exercise: 2:1 days training:
by 1 block of recovery. Add recovery

one interval per day as Suggested RPE: 12-14

tolerated Progression: 7 days and
Suggested RPE: 12-14 when fatigue levels are
Progression: 7 days and normal

when can achieve 30
minute session, and feel
recovered after an hour

Only exercise if: you feel recovered from the previous day, no new, or return of, symptoms
Spend at least a few minutes warming up and cooling down at the beginning and end of a session respectively

Any abnormal shortness of breath for a Monitor your mood. If you feel more anxious, Borg Rating of Perceived Exertion (RPE)

given activity level, or return of symptoms down or low, speak to someone, and seek 6 Noexertion 14
including temperature, lethargy or chest pain medical advice if you are concerned 7 Extremely light 15 Hard (heavy)
8 16
l 9 Verylight 17 Very hard
Seek medical advice 10 18
11 Light 19 Extremely hard
12 20 Maximal exertion

13 Somewhat hard

Salman D, et al. BMJ 2021; 372: m4721.
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Questions?

«  Email: dylan.e.wessman.mil@mail.mil
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